Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



AN INTRODUCTION 



TO THE USB OF THE 



MOUTH-BLOWPIPE. 



AN INTRODUCTION 



TO THE USE OF THE 



MOUTH-BLOWPIPE 



BT 

DR. THEODORE SCHEERER; 

TO WHICH 18 ADDED 

A DESCEIPTION OF THE BLOWPIPE CHARACTERS 
OF THE MORE IMPORTANT MINERALS. 



BY 

HENRY F. BLANFORD, F.G.S. 



Third Edition, revised.- \-'—~^iJ\ 



■• ■'/ ., . . ' ^v- 

:, - I .0 * • 1 l.-i 

LONDON: <fi-\ 



FREDERIC NORGATE, 

17, BEDFORD STREET, COVENT GARDEN; 
WILLIAMS & NOROATE, 20, FREDERICK STREET, EDINBURGH. 

1875. 



/^S . ^ . 



BERTFORD : 
PftlirrBD BT 8TBPBBN AUSTIN AMD 80NS. 



PREFACE TO THE FIRST EDITION. 



JMy object in preparing and publishing this little 
work is to render available to the English student of 
Chemistry and Mineralogy a small, cheap, and I trust 
reliable Manual on the use of the Mouth-Blowpipe, 
containing so much information as may enable him 
with this instrument to examine qualitatively any 
mineral or inorganic compound submitted to him. 

The work is rather to be regarded as a compi- 
lation than as an original treatise, since the first part, 
with the exception of a few paragraphs, is almost 
a literal translation of Professor Theodore Soheerer's 
* Lothrohrbuch,' and for the material of the second 
part I am principally indebted to Professor Plattner's 
work on the Blowpipe, and occasionally to the works 
of von Kohell and RammeUherg. 

I have, however, throughout the greater part 
of the present work carefully verified every statement, 
and where my authorities were deficient, have supplied 
the necessary details from personal experiment. For 
the Blowpipe characters of the metallic minerals I am 
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obliged to rely principally on the authority of Professor 
Plattner, owing to circumstances which, I regret to 
say, have prevented my completing my proposed series 
of verification. 

I have not deemed it necessary to detail the Blow- 
pipe characters of every known mineral, since such 
an attempt would, by unduly extending the limits of 
the book, defeat the object I had proposed to myseK 
in preparing it, and as moreover in Professor Plattner^s 
work, a translation of which has been published by 
Dr. Mmpratt, such information may be obtained by 
the more advanced student. I have therefore only 
noticed those mineral species, which are of compara- 
tively frequent occurrence, or those which, being 
rare, nevertheless present such well-marked Blowpipe 
characters as to render them good examples for 
practice. 

Any eulogium on the Blowpipe as an aid to the 
Chemist and Mineralogist is unnecessary; its advan- 
tages will be at once apparent to all who persevere 
in its practice ; and if the following pages should, by 
supplying to the English student a cheap and concise 
handbook, tend to extend its use, I shall consider 
myself amply remunerated for any time and labour 

I have devoted to their preparation. 

H. F. B. 
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INTRODUCTION. 



£ or many centuries, the workers in metals of yarioiis 
countries have employed the small instrument which forms 
the subject of the present treatise, in fusing the solder 
by which the different parts of their work are imited. 
The simplest and most ancient form of blowpipe, and that 
which is still in general use for such purposes, is a coni- 
cal brass tube, curved at the smaller end into a right angle 
and terminating with a small, round and regular orifice. 
When used, the larger end of the instrument is held in 
the mouth and a continuous stream of air blown through 
it, which, passing through the flame of a lamp, is made to 
impinge upon the solder or other substance submitted to 
its action, thus imitating upon a small scale the action of 
a blacksmith's forge. 

In this rude form the blowpipe was of no importance 
in scientific investigation ; the means by which it has gra- 
dually attained to its present importance as an aid to the 
chemist, the mineralogist, the miner and the smelter in 
enabling them by a short and easy process to ascertain 
the chemical nature of the various substances submitted 
to them, will be shown in the following historical sketch. 

1 
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So far as is recorded, Antony Stpoby a Swedish coun- 
cillor of mines who lived towards the commencement of 
the last century, was the first who experimented upon 
the application of the blowpipe to the chemical investiga- 
tion of ores and minerals. After him, the Swedish mine- 
ralogist CroTutedt used the blowpipe to aid him in distin- 
guishing various minerals, especially with reference to the 
mineralogical system fotmded by him in 1758, and Enge- 
strom, who in 1770 published an English translation of 
CronatedCs ** System of Mineralogy," introduced into his 
work a description of that mineralogist's mode of using the 
blowpipe. In 1773 Engestr6m*s description was translated 
into Swedish, and shortly afterwards into many other 
European languages. However imperfectly the use of the 
blowpipe was at that period understood, it soon, by its 
certain and readily obtained results, excited much atten- 
tion ; but for some time, owing to the large amount of 
practice required for its successful application, but Uttle 
progress was made in its manipulation. Its use was much 
extended by Bergmann, who employed the blowpipe for 
qualitative investigation in all branches of Inorganic 
Chemistry, and who showed how by the aid of this in- 
strument it is possible to recognise very small traces of 
mineral substances which could only be discovered with 
great difl&culty by any other process. 

Bergmann published the results of his experiments in 
a work in the Latin language printed at Vienna in the 
year 1779 and translated by HJelm into Swedish in 1781. 

After Bergmann's death, which occurred shortly after 
the publication of his work, Oakn made further progress 
in the path of investigation struck out by that author. 
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By long continued practice and much perseverance he at- 
tained great skill in the use of the blowpipe, but he un- 
fortunately never published any of the rich results of his 
experience, and these would have been entirely lost had it 
not been for the ready liberality with which he conununi- 
cated his art to all who desired to acquaint themselves 
with it. It was thus that the young Berzdius, whom Oahn 
especially distinguished as a disciple of his art, was enabled 
to avail himself of the experience of the latter, and upon 
this foundation to build up a loftier structure. In the 
selection of Berzeliua as his pupil, Oahn evinced the 
greatest judgment, for it would have been difficult to 
find any one more fitted to be his successor. Not only 
did BerzdiuB extend and improve the application of the 
blowpipe to a high degree, but, at the same time, by his 
personal instructions and by his writings, he spread abroad 
the knowledge of this instrument, so that, at the present 
day, the use of the blowpipe forms an essential part of the 
knowledge of every chemist. In 1821 Berzdius published 
his excellent work entitled " The Use of the Blowpipe in 
Chemistry and Mineralogy," a work which has since passed 
through many editions and has been translated into most 
of the European languages. 

Up to this period the attention of blowpipe investi- 
gators had been turned solely to the application of this 
instrument in qualitative research. 

It was Harkhort who first entertained the idea of em- 
ploying the blowpipe to ascertain the quantities as well 
as the nature of mineral ingredients, and who thereby 
founded the important art of assaying with the blowpipe. 
In the year 1827 he published at Freiberg the first part 
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of his ** Frolnrkunsfc mit dem L5throhre," containing the> 
results of his experiments on the assaying of silver with 
that instrument, and this was the only writing which ever 
appeared from his hand, for shortly after its publication 
he left Europe for Mexico, and was thus unable to 
publish the second part^ in which he intended to describe 
the methods he employed for assaying lead, copper and 
tin. 

PkUtner, recognising the importance of continuing 
and extending the researches of Harkhorty s^plied himself 
for many years to this object, and, by his perseverance and 
skill, he has succeeded in bringing the aro of assaying 
with the blowpipe to a degree of perfection which would 
formerly have been deemed unattainable, and obtains re- 
sults which in some cases surpass, both in accuracy and 
rapidity, those obtainable by the delicate processes of 
chemical analysis. Plattner has published the results of 
his experiments on both qualitative and quantitative blow- 
pipe analysis in his excellent work ''Die Probirkunst 
init dem Ldthrohre," of which the first edition appeared, 
in 1835, the second in 1847, and a third and much ex- 
tended edition in 1853. 

Under Berzdiu9 and Plattner the use of the blow- 
pipe in qualitative and quantitative analysis has become 
so comprehensive in its details that considerable time and 
practice are requisite before the student can render him- 
self master of the art ; and this is especially the case with 
regard to quantitative assaying, which is in consequence 
seldom practised by chemists, but only by some few 
professional assayers in various parts of Germany. In 
the following treatise it is intended to present a brief. 
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but comprehensive description of the most important pro- 
cesses of qualitatiye research with the blowpipe ; and it 
is hoped that^ by the aid of this little work, students in 
Mineralogy and Metallurgy may be enabled to regard the 
blowpipe as a useful, fEtithful friend. 



/ 
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I. 

THE BLOWPIPE FLAME AND APPARATUS FOI 
QUALITATIVE RESEARCHES WITH THE 
i! BLOWPIPK 

r 

t 

I It has already been mentioned that the blowpip 

\ flame is produced by forcing a small continuous strean 

'^ of air by means of the blowpipe through the flame of i 

ji candle or lamp, and in a more or less inclined directioE 

The best flame for the purposes of the blowpipe operate 
is given by an oil-lamp with a broad and moderately thiol 
f rectangular wick, the lamp being supported on a sma] 

brass pillar in a manner hereafter described. The principa 
points to be attended to in the production of a good flam 
are 1. that the stream of air be constant and regulai^ an4 
2. that it be properly directed aind applied. The first o 
these points will be treated of more at length imder th 
description of the blowpipe ; but with regard to the secon« 
a few words in this place will bb necessary. According t 
the mode in which the flame is produced, it is in th 
power of the operator to direct either an oxidising or , 
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leducmg flame upon the body he subjeota to ita action, 
sod indeed these two flamea form the principal agents 
employed in blowpipe inTeatigationa. Hence it is of the 
atmoat importance to the student that at the outset, he 
render himself thoroughlj' master of hia flame, so as to be 
enabled to vary ita chemical action at will, and to prodaoe 
a regaiai and well auatained blast. This point attained, 
he has conquered the principal difficulty which presents 
itsdf to him in hia whole course of blowpipe atudiea. 

In order to obtain a reducing flame, the nozzle (b, Fig. 1) 
of the blowpipe (the stem of which is for convenience 
here omitted) is held in an inclined direction parallel to 
Fig. 1. Fig. 2. 




the surface of the wick and just touching the exterior 
surface of the flame. A bright yellow flame will be thiia 
produced of the form shown in the figure. 

An oiidiaing flame is obtained bj keeping the nozzle 
of the blowpipe at the same inclination as in the former 
case, and introducing it into the flame to about one third 
the breadth of the wick (i. Fig. 2), at such a diatance 
only from the surfeee of the latter, as to obtain a clear 
unbroken flame. 

It is desirable to blow a somewhat stroi^er blast than 
is required tot the reducing flame. The flame so pco- 
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duced is of a pale blue color and almocrt invisible by day- 
light* 

The brilliant yellow color of the reducing flame is 
due to extremely minute particles of carbon, whidi pass 
from the wick unconsumed but at a white heat, and which, 
coming in contact with the substance submitted to the 
flame, exercise a reducing action upon it. In the oxi- 
dising flame, on the other hand, all the carbon of the 
gases in the interior of the flame is converted into car- 
bonic acid and carbonic oxide ; and the blue color of 
the flame-cone is due to the further combustion of the 
latter gas. 

It is easy to tmderstand the principles on which the 
two diflerent flames are produced according as the opera- 
tor manipulates in one or other of the modes above de- 
scribed. In the case of the reducing flame, the entire 
flame of the lamp is forced aside by a weak current of 
air impinging on its outer surface, and it is thexeioite 
unchanged except in direction ; whereas in the ozidisixig 
flame a strong blast of air is poured into the interior of 
the flame, which, becoming thoroughly intermingled with 
the various inflammable gases evolved from the wick, pro- 
duces an almost perfect combustion. If then a small frag- 
ment of an oxidisable substance be held just beyond the 
point of this flame it becomes intensely heated, and being 
exposed freely to the action of the surrounding atmosphere. 



* In order to exerciBe himself in the manipulation of the 
blowpipe flame, the student will do well to practise the 
reactions afforded by the oxides of copper and manganese or 
molybdic acid in the borax bead as described on page 48. 
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it is rapidly oxidised. If the blast from the blowpipe be 
eita!emely strong, a portion of air passes unconsumed 
tlirough the centre of the flame and increases the oxid- 
iaog action of the latter. 

It is not however as an oxidising agent alone that 
this flame is used : on account of its great heating power 
it is also employed in order to ascertain the fusibility of 
various substances, and for eflecting fusions in all cases in 
which a reducing action is not essential. 

When any substance is submitted to the action of the 
reducing flame it should be so held as to be entirely 
sorrounded by the yellow flame and protected from the 
oxidising action of the surrotmding atmosphere ; but this 
condition being fulfilled, it should be held as near as possible 
to the point of the flame, in order to gain the greatest 
amount of heat^ and prevent any deposition of soot which 
would shield the substance from the action of the flame, 
and would be occasionally attended with other disadvan- 
tages. 

A. THE BLOWPIPE. 

The best and most useful form of blowpipe is repre- 
sented in Fig. 3 (see page 10), which is drawn to the scale 
of about half the size of the original The tube and nozzle 
of the instrument are usually made of brass, German sil- 
ver or silver, with a platinum point and a trumpetshaped 
mouthpiece of horn or ivory. Many blowpipes have no 
mouthpiece of this form, but are simply tipped with ivoxy 
or some similar material The air chamber (A) serves in 
some small degree to regulate the blast, and receives the 
stem (B) and the nozzle (a), which are made separately 
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Fig. 3. 




and accurately ground ii 
that they may be put 
or taken apart at pleasu] 
point (b) is best made 
num, to allow of its bein 
cleaned, and is of the for] 
in the woodcut.* 

When the instrument 
the mouthpiece is presses 
the lips, or if this be 
the end of the stem must be 
tween the lips of the operat< 
former mode is far less weary 
the latter, and whereas with t1 
pet mouthpiece it is easy to i 
a continued blast of 5 or 10 
(as is sometimes requisite in c 
tive assaying), without it, it i 
impossible to sustain an unbrol 
of more than 2 or 3 minutes' < 
While blowing, the operator 
through his nostrils only, and i 
epiglottis as a valve, forces 
through the blowpipe by meai 
cheek muscles only. 

The following paragraph is ( 
from Plattner*s " Probirkunst 
Lathrohre." 



* Another form of blowpipe which, from experien( 
confidently recommend, and which has the advan 
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Beginners usually commit the fault that while blow- 
ing, they do not close at the right moment the passage 
between the windpipe and the mouth, but blow for a 
longer or shorter period from the lungs alone. This mode 
of blowing if persevered in is undoubtedly prejudicial to 
the health, flcnd it is therefore advisable that a beginner 
in the use of the blowpipe should exercise himself in 
breathing regularly and audibly through his nose while 
keeping up a continuous blast by the muscles of the 
mouth, and continue this practice imtil he is able to do 
so without any perceptible exertion. In attempting this 
he wiU not probably be immediately successful, but a few 
days' persevering practice will enable him entirely to 
master this primary difficulty. 

B. THE LAMP. 

The construction of the lamp will be clearly tmderstood 
from the inspection of the accompanying woodcut (Fig. 4, 
see page 12) which represents it about ^ of its real size. 
The body of the lamp is constructed of brass or tinned 
iron, lacquered on the outside, and is moveable up and down 
the pillar (S), on which it is held fast by means of the 

ihat described aboVe, of greater simplicity and cheapness, 
is that of Dr. £laek. It consists of a conical tube of ja- 
panned iron, the smaller end of which is held in the 
month, while the larger is furnished with a nozzle similar 
to that shown in the figure. In all cases however a pla- 
tinum point is desirable, in as much as, when covered with 
soot (an unavoidable evil attending the use of an oil-lamp), 
it may be readily cleaned by a few moments exposure to 
the flame of a spirit-lamp. 



screw (e). Atthe«Dd(C)<f Qie lamp is the socket oo 
ing like trick (a), which, when the lamp is not in 

Fig. *- 




oOTCxed bj a screw-cap to prevent the escape of t 
At the ether end is the feed-hole (A), which is olo 
lilce mannei' hj a screw-cap. The forms of the soc^ 
the cap are shown in the smaller figures (B) (o^ {0'_ 
When the lamp is in use it is raised to such a 



w the pillar as will allow the operator coiiTeiiietitlj to 
nrt his arms on the table, while with the right hand 
be holds his blowpipe to the flame and with hia left the 
plitinum, charcoal, or other nipport on which is the snb- 
(Uoca under esaminataon. The best fiiel tor the lamp ia 
pure rape or popp7 oil, which affords a strong beat and 
isnokelesa flame, if the wick be not too high. The flame 
cif a ttax-candle is fiir inferior in mze and intensity to 
W of a lamp.* 

0. snppoBia. 

It ia evident that for the support of sabstanoes snb- 

■nitted to the blowpipe flame, some invisible material must 

l<a«m{d<^ed. The fallowing supports are those mostly used. 

' In a UboiBtoiy to whioh gaa ii nqiplied, a tmrner at the 

bam shown in the aceoiiqiaujring flgnre, and wMdi maf be 

tmwti on to a ga*-«tand initead of tlie ordinarjr aigind 

Fig.fi. 




burner used in laboratory operatioiia, -will be fonmi to aa- 
twei ertremaly well aa a Uowinpe lamp, and it h«i the ad- 
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Charcoal, — The best kind of charcoal for blowpipe pur- 
poses is that of closely grained pine wood, free from knots ; 
and it should, when struck, give a dear sonorous ring. 
It should be cut by a small toothed saw into rectangular 
prisms of about 6 inches in length and from 1 to 2 inches 
in breadth, having a flat smooth surface at right angles to 
the rings of growth. It is this surface which is always to 
be used, and a good piece of charcoal may be made to 
sei*ve for repeated experiments by simply filing ofi the 
used surface and exposing a new one after each opera- 
tion. The substance to be subjected to the blowpipe 
flame, which, if in powder, should be previously moistened 
with a little water to make it cohere, is placed in a shallow 
hole scraped near one end of the charcoal, and the char- 
coal is so held that the flame may impinge upon it at an 
angle of about 20 degrees. The sides of the charcoal 
prism which are parallel, or rather tangential to the rings 
<rf growth, should not be used, as they bum unevenly, and 
from their structure are apt to spHt off and spoil the assay. 

Charcoal is employed as a support when it is eithei 
required to reduce an oxidised substance or to fuse a bodj 

vantage of dispensing with all the inconyeniences of trim- 
ming, etc., which are necessarily attendant on the use of ai 
oil-lamp. When a gas-flame is employed for blowpipe pur* 
poses, the oxidising and reducing flames are produced ii 
the same way as in the case of the oil-lamp, but the re> 
ducing flame instead of being a bright yellow should be o: 
the same blue color as the centre of the oxidising flame. 
When the oxidising flame is required, the assay shoulc 
moreoTor be held at a considerable distance (yiz. ^ to ) oi 
an inch) beyond the point of the visible flame. 
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without oxidising it ; also in many cases when it is desired 
to oxidise a body on which the reducing action of the 
charcoal alone is unimportant. 

PlaHnwm wire. — This should be of about "/looo of 
an inch in diameter. It may be used in a coil with the 
unrolled, as shown in Fig. 6, in which case it is held 
Fig. 6. by passing the fore- 

finger through the 
coil ; or, as is more 
convenient, it may 
be cut into lengths 
of about 1^ to 2 
inches each, and 
fixed in a holder 
similar to that used 
for crotchet needles. 
One end of the wire 
is bent into a small 
hook as shown in 
the figure, aiid in this the borax or microcosmic salt is 
placed and fused into a bead. Care must always be taken 
that no substances such as sulphur, lead, etc., which act 
upon platinimi, be fused upon platinum wire. 

Flatinvm Foil, — Platinum foil is employed as a sup- 
port for substances which it is desirable not to expose 
to the reducing action of charcoal It is used in pieces 
of about 2x1 inches, and is held either on a piece of char- 
coal or in a pair of forceps. 

Platinum Spoon, ■— This should be of t\ie m^ wA 
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form shown in the woodcnt (Fig. 7). It may either be 
Fig. 7. fixed into a handle, or, what 

^^^^^^^^ answers equally well, may be 

stuck into a cork. It is used 
for the fusion of certain sub- 

• stances with potash, bisul- 

phate of potash, and saltpetre. 





A Pair of Brass Forceps with PUUinvm Tips, — These 
are constructed as shown in Fig. 8. A fragment of the mi- 
neral or other substance to be examined is held between 

Fig. 8. 




»-B<|Miiiii^^ 



the platinum points (a), which are opened by pressing on 
the knobs {b 6), and close again by their own elasticity. 
These forceps are used for holding splinters of minerals, 
eta, which are to be heated to ascertain their fusibility 
and the color they impart to the blowpipe flame. They 
are about 5 inches long. 

Glass Tubes, — Tubes of about J of an inch internal 
diameter, cut into lengths of 5 or 6 inches, and open 
at both ends. These are used especially for roasting 
substances containing sulphur, arsenic, selenium, anti- 
mony, tellurium, etc., which when heated with access ot 
air evolve fumes which may be recognised by their color, 
odor, and chemical reactions. 

SmaU Glass BvUhs, or, what answers equally well, glass 
tubes closed at one end, and about 2^ or 3 inches long. 



REAGENTS. 17 

They serve to contain substances which are to be tested 
for water, mercury, sulphur, or other bodies which are 
volatilised by the application of heat without the access 
of air. The volatile products collect in the neck of the 
bulb or tube, and may be judged of by their color, 
odor, etc. 

D. REAGENTS. 

For most experiments with the blowpipe a very few 
reagents are requisite, and these only in limited quantities. 
The salts in common use, and of which the largest quan- 
tities are required, are : — Carbonate of Soda, Borax and 
Microcosmic Salt. 

Carbonate of Soda, — which for convenience we shall 
term Soda, must be anhydrous and absolutely free from any 
admixture of the sulphate. It is employed principally to 
aid in the reduction of metallic oxides and sulphides on 
charcoal, to decompose silicates, and to determine the 
fusibility or infusibility of substances when heated with 
this salt. 

Borax, — purified borax should be heated below the 
fusing point, to drive off its water of crystallisation, and 
then pulverised. When it is required to make a bead, in 
order that the powder may adhere to the platinum wire, 
the hooked end of the latter is heated and dipped into the 
borax. A small portion of the powder will be taken up, 
and this being fused and again dipped while hot into the 
powdered salt, a fresh portion will adhere, and this process 
is repeated until a bead of sufficient size is obtained. The 
bead thus formed should be clear and perfectly colorless 

2 
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both in the hot and the cold state. While the glass is still 
hot and fluid, it is touched with a small quantity of the 
powder of the substance under examination, and that which 
adheres is fused into it. The operator must then observe ; 
first, whether the substance be soluble or insoluble in 
borax ; and, second, the color of the borax bead in (1.) the 
oxidising, and (2.) the inducing flame, both in the hot and 
in the cold state. In performing this experiment care must 
be taken not, in the first instance, to dissolve up too large 
an amount of the oxide or other substance under exami- 
nation. If a small quantity affords no distinct reaction, 
more may be easily added. If however the color of the 
bead be too intense to be clearly distinguished, the bead 
may be jerked off" the wire, and that which still adheres 
fused up with a fresh quantity of borax, by which a paler 
and more transparent glass will be obtained. 

Microcosmic Salt, — or Phosphate of Soda and Ammonia 
[NaO, NH4O, HO] PO5. As this salt when fused is so 
fluid that it readily drops from platinum wire, it is desir- 
able to fuse it in the first instance on charcoal or plati- 
nunj foil, by which the water and a large proportion of 
the ammonia contained in it are expelled, and it becomes 
more viscid. Some of the glass thus formed is taken up 
on the platinum wire, and the powdered mineral or oxide 
is applied and fused into it as when operating with 
borax. 

Besides the three principal reagents just described, 
the following are required in certain cases : — saltpetre, 
or nitrate of potash, for oxidising certain substances 
by fusing with them either on platinum foil or in the 
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platinum spoon; — bisulphate of potash for eliminating 
certain volatile matters, as lithia, boracic acid, hydro- 
fluoric acid, bromine, iodine, etc., as also for decomposing 
salts of titanic, tantalic and tungstic acids ; — nitrate 
of cobalt, chemically pure and in solution, for substan- 
tiating the presence of alumina, magnesia, oxide of zinc, 
oxide of tin and titanic acid, which, when moistened 
with this reagent and strongly heated, assume certain cha- 
racteristic colors ; — silica, for various purposes ; — fluor 
spar (fluoride of calcium), which mixed with bisulphate 
of potash is used for ascertaining the presence of lithia and 
boracic acid ; — oxide of nickel or oxalate of nickel for 
the detection of potash in large quantity in salts which 
also contain soda and hthia; — protoxide of copper for 
detecting chlorine, bromine and iodine ; — tin foil for 
reducing various metaUic oxides dissolved in borax or mi- 
crocosmic salt [the hot fluid bead is touched on charcoal 
with a piece of tin foil, and then strongly heated for some 
seconds under the reducing flame] ; — silver for discovering 
s^phur and sulphuric acid. 

The reagents should be kept in small stoppered bottles, 
the stoppers being carefully ground so as to exclude the 
air. They may for convenience be fitted into a wooden 
stand, and if for travelling, may with the blowpipe apparatus 
be enclosed in a wooden or leather case, made so as to be 
easUy portable. 

In addition to the apparatus already described, the fol- 
lowing articles are desirable, though with some exceptions 
not indispensable : — a small steel hammer ; an anvil, 
the most convenient form of which is a piece of rectan- 
gular steel about IJ inches long, 1^ inches wide and ^ 
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an inch thick ; a steel crushing mortar ; some round and 
triangular files ; a pair of scissors ; a pair of forceps for 
trimming the lamp ; a magnet ; a pocket lens ; some 
porcelain capsules, and a spirit lamp. 



II. 

QUALITATIVE EXAMINATION WITH THE 

BLOWPIPE. 



As in chemical analysis by the wet way, this consists 
in the performance of certain processes, the object of 
which is to ascertain the presence or absence of certain 
bodies, without regard to their relative quantities. These 
operations are most conveniently .performed in the follow- 
ing order. — (1.) Examination of the substance in the 
glass bulb or tube closed at one end ; (2.) in the open 
tube ; (3.) on charcoal ; (4.) in the platinum forceps ; (5.) 
in the borax bead ; (6.) in microcosmic salt ; (7.) with car- 
bonate of soda ; in addition to which it is frequently 
necessary to perform (8.) some other experiments in order 
to substantiate the presence of certain substanses, the 
presence or absence of which has not been positively 
established by the previous processes. 

1. EXAMINATION IN THE GLASS BULB. 

The bulb or tube having been previously thoroughly 
cleaned and dried, a small fragment or portion of the 
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powder of the substance to be investigated is introduced 
into it and heated over a spirit-lamp, at first gently and 
then more strongly with the blowpipe, until the glass be- 
gins to soften. It is then to be observed : 

(a.) Whether there is any sublimate or vapour col- 
lected in the neck of the bulb, as e. g. water, mercury, 
sulphur, selenium, tellurium, arsenic. The first three 
of these bodies axe easily recognised by their well-known 
appearance. If there be any condensed moisture, it should 
be tested with a piece of litmus paper, to ascertain 
whether it gives an alkaline or acid reaction. When organic 
substances are present, they may be recognised by their 
pecuUar emEpyreumatic odor. Quicksilver, when in very 
small quantity, can sometimes only be recognised by means 
of the lens, and the sublimate should in all cases be care- 
fully examined with the aid of that instrument. Selenium 
gives a reddish brown sublimate, which has, if thick, a 
steel-grey color in the lower part. Tellurium affords a 
grey, and arsenic a black sublimate; the latter when in 
considerable quantity having moreover a metallic histre. 

In case of the non-appearance of any of these re- 
actions, it must not be always concluded that the above- 
mentioned bodies are entirely absent ; for sulphur, sele- 
nium, tellurium and arsenic may be present in such 
forms that the simple application of heat will either not 
sublime them or will expel them in combinations which 
afford none of the distinctive characters of the simple 
bodies. Moreover two or more of these may be present to- 
gether in a substance, and afford sublimates having mixed 
characters, so that the individual elements are difficult to 
distinguish. Such is frequently the case with arsenic and 
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sulphur, which together form a coating on the tube having 
a metallic lustre at its lower extremity, and passing up- 
wards successively into black, brown, red, and finally 
yellow, these colors being due to combinations of sulphur 
and arsenic which are more volatile than metallic arsenic. 
— Oxygen and ammonia when driven off by heat are to be 
recognised in the glass bulb by introducing in the former 
case a glowing splinter of wood, which immediately re- 
lights, in the latter a inoist piece of red litmus paper, 
which is turned blue by the alkali Very frequently 
however ammonia is not evolved in the free form, but in 
combination with an acid, in which case a white sublimate 
of the salt is obtained. In this case a fresh portion of 
the ammoniaoal substance is to be mixed with caustic 
lime or soda, introduced into a clean bulb and heated, when 
free ammonia will be evolved. 

There are some other bodies, as fluorine, chlorine, 
iodine, bromine and nitric acid, which may be recog- 
niseii by heating in a bulb or closed tube ; but a£, in 
onler to substantiate their presence, special experiments 
muat 1)0 instituted, they will be spoken of more at length 
in anoth^ place. 

(l\) Bc^des the variously colored suMimates afforded 
in tho glasa bulb, some other phenomena are occasionally 
wibiWtotl» which aid materially in indicating the nature of 
a min«»nU aubatanct\ and should therefore be carefully 
not«Kl Su^>h are ehangeis of color, phosphoreaoence, de- 
or^jvitAtJtM^, <^U\ The^ appearances are however rather 
i>har^oUvriaiio ^^ o^iiaiu minerals and mineral combinations 
than t\f ih^ir vH\i\ii>i\i>te»nt ^lements^ and will therefore be 
tr^Unl of iu th«» »«<^Mid ^mrt of this little woik. 
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As may be seen from the above, the examination of 
a substance in the glass bulb affords frequently no posi- 
tive indication of the presence of a body, but merely in- 
timates its probable existence, to establish which further 
investigations are necessary. Such intimations are how- 
ever of importance as they serve as guides in after-pro- 
cesses. 

2. EXAMINATION IN THE OPEN TUBE. 

A small quantity of the powdered substance is intro- 
duced into the tube at about half an inch from its extremity 
and gradually heated, the tube being held in a slightly in- 
clined position, so that a current of air may pass freely 
through it. By this means the substance is roasted or 
oxidised, and various matters contained in it are volatilised 
and pass off up the tube. Thus sulphur forms sulphurous 
acid, which is easily recognised by its strong pungent odor. 
Selenium is only slightly oxidised, but is volatilised and 
redeposited as a steel-grey sublimate in the cool part of 
the tube, affording at the same time the very characteristic 
smeU of selenium vapour, which much resembles that of 
decayed horse radish. — ^Arsenic is volatilised as arsenious 
acid, antimony as antimonious acid, and tellurium as 
tellurous acid, all in the form of opaque white fumes. The 
white deposit formed by the first of these is distinctly 
crystalline, whereas the sublimates from the two latter are 
amorphous. Arsenious and antimonious acid may, when 
heated, be driven from one part of the tube to another, 
while tellurous acid fuses into small transparent drops, 
generally visible to the naked eye, and distinctly so when 
examined with the aid of the lens. 
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The roasting must be performed slowly, with a gra- 
dually increasing temperature, and with a good current 
of air passing through the tube, otherwise unoxidised 
matter may be volatilised and the mineral substance 
clotted and fused together. If a perfect roasting be re- 
quired, the substance, after being heated for some minutes 
in the tube, is shaken out into an agate mortar, remitted, 
and roasted, and this process is repeated until fumes are 
no longer evolved. 

3. EXAMINATION ON CHARCOAL. 

In the examination of a substance on charcoal, the 
points to be noted are the same as those observed in the 
treatment in the glass bulb. It is of especial importance 
that the operator make himself thoroughly acquainted 
with the color and general appearance of the incrustation 
formed by various substances when heated on charcoal, a 
result best attained by experimenting in the first instance 
on chemically pure materials. The following paragraphs, 
extracted from the work of Plattner before mentioned, 
give a detailed description of the results afforded by various 
bodies. 

Seleninm 

fuses easily, and gives off broWn fumes both in the oxidis- 
ing and the reducing flames. The deposit formed on the 
charcoal immediately around the assay is of a steel-grey 
color with a slightly metaUic lustre, while that formed at 
a greater distance is of a dull violet color, passing at the 
edges into a reddish brown. By the application of the 
oxidising £ame this deposit is easWy ^tweiv iTOTo. Qiia ijart 
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of the charcoal to another, and under the reducing flame 
it leaves the charcoal with a beautiful blue flame. When 
either the assay or its sublimate is heated, it emits the 
characteristic smell already spoken o^ resembling decayed 
horse radish. 

Tellurium 
fuses readily, volatilises under both flames with visible 
fumes, and covers the charcoal to within a small distance 
of the assay with a deposit of tellurous acid. This subli- 
mate is white in the centre, and of a dark yellow towards 
the edges. It may be driven from place to place by the 
oxidising flame, but under the reducing it is entirely vola- 
tilised with a green flame, or, if selenium be also present, 
with a bluish green flame. 

Arsenic 
is volatilised without fusing, and covers the charcoal both 
in the oxidising and reducing flame with a coating of ar- 
senious acid. This coating is white in the centre, and grey 
towards the edges, and is formed at some distance from 
the assay. By the most gentle apphcation of the flame 
it is immediately volatilised, and if touched for a moment 
with the reducing flame, it disappears, tinging the flame 
pale blue. During volatilisation a strong garlic odor is 
distinctly perceptible, very characteristic of arsenic, and by 
which its presence in any compound may be immediately 
recognised. 

Antimony 

fuses readily, and coats the charcoal under both flames 
with antimonious acid. This incrustation is of a white 
color where thick, hut where thin of a blmalci UxA.,^^^ \a 
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formed nearer to the assay than that of arsenic. When 
gently heated with the oxidising flame, it is driven from 
place to place without coloring the flame ; but when vola- 
tilised with the reducing flame it tinges the flame blue. 
As antimonious acid is not so volatile as arsenious acid, 
they may thus be easily distinguished from one another.* 
When metallic antimony is fused upon charcoal, and 
the metallic bead raised to a red heat, if the blast be 
suspended the fluid bead remains for some time at this 
temperature, giving off" opaque white fumes, which are at 
first deposited on the surrounding charcoal and then upon 
the bead itself, covering it with white pearly crystals. This 
phenomenon is dependent upon the fact that the heated 
button of antimony in absorbing oxygen from the atmo- 
sphere develops sufficient heat to maintain the metal in a 
fluid state, imtil it becomes entirely covered with crystals 
of antimonious acid so formed. 

Bisxnutli 

fuses with ease, and under both flames covers the charcoal 
with a coating of oxide, which, while hot, is of an orange 
yellow color, and afber cooling of a lemon yellow, passing 
at the edges into a bluish white. This white coating con- 
sists of the carbonate of bismuth. The sublimate from 
bismuth is formed at a less distance from the assay than 
is the case with antimony. It may be driven from place 
to place by the application of either flame ; but in so doing, 
the oxide is first reduced by the heated charcoal, and the 



* For the reaction of antimonious acid with nitrate of cobalt, 
see p. 91. 
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metallic bismuth uo formed is volatilised and reoxidised. 
The flame is uncolored. 

Lead 
fuses readily under either flame, and incrusts the charcoal 
with oxide at about the same distance from the assay as 
is the case with bismuth. The oxide is, while hot, of a 
dark lemon-yellow, but upon coohng becomes of a sul- 
phur yellow. The carbonate which is formed upon the 
charcoal beyond the oxide is of a bluish white color. 
If the yellow incrustation of the oxide be heated with the 
oxidising flame, it disappears, imdergoing changes similar 
to those of bismuth above mentioned. Under the reduc- 
ing flame, however it disappears, tinging the flame blue. 

Cadmiiim 
fuses with ease, and in the • oxidising flame takes Are 
and bums with a deep yellow flame, giving off" brown 
fumes, which coat the charcoal to within a small distance 
of the assay with oxide of cadmium. This coating exhi- 
bits its characteristic reddish brown color most clearly 
when cold : where very thin, it passes into an orange color. 
As oxide of cadmium is easily reduced and the metal 
very volatile, the coating of oxide may be driven from 
place to place by the application of either flame, to neither 
of which does it impart any color. Around the deposit of 
oxide, the charcoal has occasionally a variegated tarnish. 

ZiiLO 
fuses with ease, and takes Are in the oxidising flame, burn- 
ing with a brilliant greenish white flame, and forming 
thick white fumes of oxide of zinc, which coat the char- 
coal aroimd the assay. This coating is yellow while hot, 
but when perfectly cooled becomes white. If heated with 



28 EXAMINATION ON CHARCOAL. 

the oxidising flame, it shines brilliantly, but is not volati- 
lised, since the heated charcoal is under these circum- 
stances insufficient to effect its reduction. Even under 
the reducing flame it disappears but very slowly. 

Tin 
fuses readily, and in the oxidising flame becomes covered 
with oxide, which by a strong blast may be easily blown 
off. In the reducing flame the fused metal assumes a 
white surface, and the charcoal becomes covered with 
oxide. This oxide is of a pale yellow colour while hot, 
and is tolerably brilliant when the oxidising flame is 
directed upon it. After cooling it becomes white. It is 
formed immediately around the assay, and cannot be 
volatilised by the application of either flame. 

Molybdeniim 

in powder is infusible before the blowpipe. If heated in 
the outer flame, it becomes graduaUy oxidised and in- 
crusts the charcoal at a small distance from the assay 
with molybdic acid, which near the assay forms transpa- 
rent crystalline scales, and is elsewhere deposited as a flne 
powder. The incrustation, while hot, is of a yellow color, 
but becomes white afber cooling. It may be volatilised 
by heating with either flame, and leaves the surface of the 
charcoal, when perfectly cooled, of a dark copper red color 
with a metallic lustre, due to the oxide of molybdenum 
which has been formed by the reducing action of the 
charcoal upon the molybdic acid. In the reducing flame 
metallic molybdenum remains unchanged. 

Silver 

when fused alone, and kept in this state for some time 
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under a strong oxidising flame, covers the charcoal with 
a thin film of dark reddish brown oxide. If the silver 
be alloyed with lead, a yellow incrustation of the oxide 
of that metal is first formed, and afterwards, as the silver 
becomes more pure, a dark red deposit is formed on the 
charcoal beyond. If the silver contains a small quantity 
of antimony, a white incrustation of antimonious acid is 
formed, which becomes red on the surface if the blast be 
continued : and if lead and antimony are both present in 
the silver, after the greater part of these metals has been 
volatilised, a beautiful crimson incrustation is produced 
upon the charcoal. This result is sometimes obtained in 
fusing rich silver ores upon charcoal. 

Sulphides, Chlorides, Bromides and Iodides. 
In blowpipe experiments it rarely occurs that we have 
to deal with pure metals which, if not absolutely nonvola- 
tile, are recognisable by the incrustation they form upon 
charcoaL Some compound substances when heated upon 
charcoal form white incrustations resembling that afforded 
by antimony, and which, when heated, may in like man- 
ner be driven from place to place. Among these are 
certain sulphides, as sulphide of potassium and sulphide 
of sodium, which are formed by the action of the reducing 
flame upon the sulphates of potash and soda, and are, 
when volatilised, reconverted into those sulphates, and as 
such deposited upon the charcoal. No incrustation is 
however formed imtil the whole of the alkaline sulphate 
has been absorbed into the charcoal and has parted with 
its oxygen. As sulphide of potassium is more volatile 
than sulphide of sodium, an incrustation is formed fi:om 
the former sooner than from the latter of these salts, and 
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is considerably thicker in the former case. If the potash 
incrustation be touched with the reducing filame, it dis- 
appears with a violet-colored flame, and if a soda incrus- 
tation be treated in like manner, an orange-yellow flame 
is produced. 

Sulphide of lithium, formed by heating the sulphate 
in the reducing flame, is volatilised in similar manner by 
a strong blast, although less readily than the sulphide of 
sodium. It affords a greyish white film, which disappears 
with a crimson flame when submitted to the reducing flame. 

Besides the above, the sulphides of lead and bismuth 
give, when heated in either flame, two different incrus- 
tations, of which the more volatile is of a white color, and 
consists in the one case of sulphate of lead, in the other 
of sulphate of bismuth. If either of these be heated 
under the reducing flame, it disappears ; in the former 
case with a bluish flame, in the latter unaccompanied by 
any visible flame. The incrustation formed nearest to 
the assay consists of the oxide of lead or bismuth, and 
is easily recognised by its color when hot and after 
cooling. There are many other metallic sulphides which, 
when heated by the blowpipe flame, cover the charcoal 
with a white incrustation, as sulphide of antimony, sul- 
phide of zinc and sulphide of tin. In all these cases 
however the incrustation consists of the metallic oxide 
alone, and either volatilises or remains unchanged when 
submitted to the oxidising flame. 

Of the metallic chlorides there are many which, when 
heated on charcoal with the blowpipe flame, are volatilised 
and redeposited as a white incrustation. Among these 
are the chlorides of potassium, sodium, and lithimn, which 
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volatilise and cover the charcoal immediately around the 
assay with a thin white fihn, after they have been fiised 
and absorbed into the charcoal Chloride of potassium 
fonns the thickest deposit, and chloride of lithium the 
thinnest, the latter being moreover of a greyish white 
color. The chlorides of ammonium, mercury and anti- 
mony volatilise without fusing. 

The chlorides of zinc, cadmium, lead, bismuth and 
tin first fuse and then cover the charcoal with two differ- 
ent incrustations, one of which is a white volatile chloride, 
and the other a less volatile oxide of the metal. 

Some of the incrustations formed by metallic chlorides 
disappear with a colored flame when heated with the 
reducing flame : thus, chloride of potassium affords a 
violet 'flame, chloride of sodium an orange yellow, chlo- 
ride of lithium a crimson, and chloride of lead a blue 
flame. The other metals mentioned above volatilise with- 
out coloring the flame. 

The chloride of copper fuses and colors the flame of a 
beautiful blue. Moreover if a continuous blast be directed 
upon the salt, a part of it is driven off in the form of white 
fumes, which smell strongly of chlorine, and the charcoal is 
covered with incrustations of three different colors. That 
which is formed nearest to the assay is of a dark grey, the 
next dark yellow passing into brown, and the most distant 
of a bluish white color. If this incrustation be heated 
under the reducing flame, it disappears with a blue flame. 
Metallic iodides and bromides behave upon charcoal 
in a similar manner to the chlorides. Those principally 
deserving of mention are the bromides and iodides of 
potassiiun and sodium. These fuse upon charcoal, are 
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absorbed into its pores and volatilised in the form of white 
fumes, which are deposited upon the charcoal at some dis- 
tance from the assay. When the saline films so formed 
are submitted to the reducing flame, they disappear, tint- 
ing the flame in the same manner as the corresponding 
chlorides. 

4. EXAMINATION IN THE PLATINITM FORCEPS. 

If the operator has convinced himself by a prelimi- 
nary experiment that the substance under examination 
does not, when heated, attack platinum, a small splinter 
of it is to be taken between the platinum forceps and sub- 
jected to the oxidising flame ; but if the substance is very 
fusible, a piece of platinum wire hooked at one end may 
be used instead of the forceps. If however the substance 
be one which exerts a chemical action on platinum, and 
would therefore injure the forceps wire, charcoal must be 
employed as support. In tjiis examination not only the 
relative fusibility of a substance is ascertained, but a 
knowledge of the presence or absence of certain bodies 
which tinge the blue oxidising flame of various charac- 
teristic colors is also arrived at. Thus some bodies impart 
a yellow color to the flame, others violet, crimson, green or 
blue. In Plattner*8 "LSthrohrprobirkunst" the following 
details on this subject are given, the various substances 
being classed according to the color they produce in 
the flame. 

Yellow. 

Soda and its salts when heated on platintmi wire in 
the point of the blue flame, possess the property of en- 
larging the outer visible flame and imparting to it an in- 
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tense orange-yellow color. Even when mixed with a con- 
siderable quantity of other salts, which also color the 
outer flame, the yellow of the soda is equally intense* In 
the same manner, when a small splinter of any silicate of 
soda is held in the platinum forceps to the point of the 
blue flame, it enlarges and colors the out^r flame more or 
less according to its fusibility and the quantity of soda it 
contains. After prolonged blowing the yellow color does 
not disappear, but, on the contrary, becomes frequently 
more intense. 

Violet. 

Potash and the greater number of its salts, with the 
exception of the borate and. phosphate, when heated on 
platinum wire, impart a violet color to the outer flame. 
If however even a trace of soda be present, although a 
pale violet tinge may be visible just beyond the assay, 
the remainder of the flame will be colored of an intense 
yellow by the soda. If the soda present amount to 1 or 
2 per cent., there will be no perceptible coloration from 
the potash, as the whole of the flame will be intensely 
colored by the former alkali. The violet of potash salts 
becomes also imperceptible when lithia is present in any 
considerable proportion. Silicates which contain a large 
amount of potash only produce a violet' color in the flame 
when they are entirely free from soda and lithia, and 
when they are easily fusible in small fragments. 

Bed. 

There are three bodies which impart a red color 
to the exterior blowpipe flame, viz., lithia^ strontia and 
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Lithia, — Litbia and its salts, especially the chloride, 
when fused on a platinum wire in the extremity of the 
blue flame, color the outer flame of a beautiful bright 
crimson. Even a considerable admixture of potash does 
not interfere with this color : at the utmost it becomes 
tinged with violet. Soda^ on the other hand, even in 
small proportion, suffices to change the color to a 
yellowish red, and if present in considerable quantity, a 
reddish yellow is produced which is scarcely to be distin- 
guished from the color afforded by pure soda salts. 

Many lithia minerals, when fused in the forceps in 
the point of the inner blue flame, produce a red color in 
the outer flame. The lithium mica of Zinnwald in Saxony, 
e.g., affords a very characteristic lithia reaction; but the 
intensity of the color diminishes as soon as the mineral 
has been kept fused so long as to lose its fluidity. Some 
lithia minerals give a flame of more than one color, as 
Triphylline (a phosphate of lithium, iron and manganese), 
which affords a red flame surroimded by an outer green 
flame, the latter color being due to the phosphoric acid 
in the mineral. (See p. 37.) This result is best obtained 
by fusing a little of the powdered mineral on platinum 
wire : in the forceps it is obtained with difficulty, owing 
to the extreme fusibility of the mineral. In the same 
manner, if a small splinter of Amblygonite, a mineral 
consisting principally of phosphate of lithia and alumina^ 
be fused in the point of the blue flame, a yellowish red 
color is imparted to the outer flame, surrounded by an 
orange yellow sheath due to a small amount of soda con- 
tained in the mineral. This coloration lasts as long as 
the mineral is kept fluid. 
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According to Turner, silicates of lithia, which when 
fiised alone impart no color to the blowpipe flame, do so 
when mixed with fluorspar and bisulphate of potash 
and fused on platinum wire in the end of the blue flame. 
(See page 80.) 

StrofUia, — Chloride of strontium, when fused on 
platinum wire in the point of the blue 'flame, produces 
immediately an intense red color in the outer flame. 
Many other salts of strontia, as, e.g., the carbonate 
(Strontianite) and the sulphate (Celestine), when fused in 
the usual manner, afibrd in the first instance a pale yellow 
flame, which soon assumes the characteristic crimson of 
strontia. The presence of baryta interferes with this reaction. 

Lime, — Chloride of calcium tinges the outer flame 
red, but not by any means so intensely as the chloride of 
strontium. Most pure calcspars and limestones produce 
at first a yellow colored flame, which becomes red when 
the carbonic acid has teen driven off. Baryta interferes 
with this reaction of lime by partially neutralising the 
color of the flame. Fluorspar, while flising, colors the 
outer flame red, as does a pure calcspar. Gypsum and 
Anhydrite give at first only a pale yellow color to the 
flame, which however soon changes to a red of no great 
intensity. The phosphate and borate of lime impart to 
the flame a green color unmixed with red. Of the 
silicates of lime. Tabular Spar alone colors the blowpipe 
flame characteristically red. 
Oreen. 

There are six bodies which produce a green color in 
the blowpipe flame, vi25. : — baryta, molybdic acid, oxide 
of copper, telluric acid, phosphoric acid and boracic acid. 
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Baryta, — Chloride of barium fused on a platinum 
wire in the point of the blue flame produces a green color 
in the outer flame, which, at first of a pale tint, becomes, 
if the blast be continued, of an intense yellowish green. 
This result is best obtained by experimenting upon only 
a small quantity of the salt. The carbonate of baryta 
(Witherite) and the sulphate of baryta (Heavy Spar) 
color the flame, when heated strongly in the point of the 
blue flame. The color afforded by these salts is, however, 
by no means so intense as that produced by the chloride. 
The presence of lime does not interfere with the action 
of baryta, as may be proved by experimenting upon Ba- 
rytocalcite, which consists of a double carbonate of lime 
and baryta. This mineral produces at first only a yellow- 
ish green color in the outer flame ; but, when heated for a 
short time, the tip of the flame may be observed to have 
a red tinge more or less intense. 

Molyhdic Acid, — If a small quantity of either mo- 
lybdic acid or oxide of molybdenum be taken up on the 
moistened end of a piece of platinum wire and submitted 
as usual to the point of the blue flame, a green colored 
flame is obtained exactly resembling that produced by ba- 
ryta. If a thin plate of the native sulphide of molybde- 
num (Molybdenite) be held in the forceps and the edge 
heated in the blue oxidising flame, a similar coloration is 
produced, the mineral remaining unfused. 

Oxide of Copper. — This oxide, both alone and in 
combination with acids which themselves produce no colo- 
ration in the blowpipe flame (as carbonic acid, acetic 
acid, etc.), affords an emerald green flame, when heaied in 
the blowpipe flame in the usual manner. Metallic copper 
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also, when fused upon charcoal, and not perfectly pro- 
tected from the contact of the atmosphere, becomes oxi- 
dised on the surface, and colors the blowpipe flame green. 
The combination of copper and iodine affords likewise 
an intensely green flame. Cupriferous lead ores color the 
outer blowpipe flame blue internally, and green externally 
and towards the point, the former color being due to 
lead. Cupriferous silicates, as Dioptase and ChrysocoUa^ 
when heated in the forceps as already described, impart 
frequently an intensely green color to the outer flame. 
The same reaction is afforded by substances in which 
copper exists in small quantity only, if no other strongly 
coloring body be present. 

Telluric Acid, — If telluric acid be submitted on 
platinum wire to the action of the blue flame in the usual 
manner, it fumes and colors the outer flame green. In 
like manner, if the incrustation of telliuric acid formed 
upon charcoal by heating a fragment of a tellurium mi- 
neral, as already described, be reheated with the blue ox- 
idising flame, it disappears with a green flame, if pure, or 
with a blue flame if selenium also be present. 

Phosphoric Acid. — According to FiLchs and Brdmann, 
phosphoric acid and its salts, as well as minerals containing 
them, either when heated alone, or when having been pre- 
viously moistened with sulphuric acid they are submitted 
to the blowpipe flame, produce a bluish green color in the 
outer flame. The reaction is so certain that, with proper 
care, a mere trace of phosphoric acid may be discovered 
in a substance, by mixing it in a powdered state with 
sulphuric acid, and heating a small quantity of the mix- 
ture in the hook of a platinum wire. This process is 
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successful with many salts, which, when heated alone, do 
not manifest the characteristic reaction of phosphoric acid 
on account of the presence of soda or some other power- 
fully coloring substance. If the salt under examination 
contain water, this must first of all be expelled by heating 
upon charcoal, and the substance is then to be powdered, 
mixed with sulphuric acid and treated as above described. 
If soda be present, the flame will be colored distinctly 
green, until the phosphoric acid has been expelled by the 
sulphiiric acid. As soon as this has taken place, the flame 
will assume the characteristic orange yellow of soda salts. ' 
As therefore the green flame lasts only for a few seconds, 
the flame must be carefully observed when the prepared 
substance is first introduced into it. Phosphate of lead 
and Pyromorphite, heated alone, give a blue flame with 
a constant green border. 

Boracic Acid, — Boracic acid imparts a siskin green 
color to the outer flame, when heated in the usual manner 
on the hook of a platinum wire. If the acid be not per- 
fectly free irom soda, a more or less yellowish green 
flame is produced, and borax (NaO, 2BO3) fused without 
the admixture of sulphuric acid, gives a yellow flame 
which conceals the boracic acid reaction. I^ however, the 
salt be fused to expel the combined water, then pul- 
verised and mixed with sulphuric acid, it affords, when ex- 
posed to the blowpipe flame, an intense green color which 
lasts until the whole of the boracic acid has been driven 
off. When minerals which contain boracic acid are 
treated in like manner with sulphuric acid, they all give a 
similar reaction. A modification of the above process for 
the detection of small quantities of boracic acid in minerals 
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has been proposed by Tunwr^ as is described at page 84 
dt this wiwk. 
Blve. 

The Mlowing bodies impart a blue color to the 
ooter flame, when heated in the blue oxidising flame in 
the nsoal manner : — arsenic, antimony, lead, selenium 
and the combinations of copper with chlorine and bro- 
mine. 

Arsenic, — Metallic arsenic and such metallic arsenides 
as have no other coloring body in combination, such, 
e.g., as Kupfemickel, Smaltine, etc., afford, when heated 
with the oxidising flame on charcoal, a dear blue flame. 
If moreover the arsenious acid which incrusts the char- 
coal, and which is very volatile, be rapidly heated with the 
flame, it disappears with a similarly colored flame. If 
such arseniates as emerald nickel, cobalt bloom, etc., 
the bases of which do not color the outer blowpipe flame, 
be heated in the platinum forceps, an intensely blue flame 
will be produced. Sometimes also the same results will 
be obtained with arseniates, the bases of which alone 
possess a considerable coloring power, as the arseniate 
of lime (Pharmacolite). 

ArUitnony. — ^When metallic antimony is fused upon 
charcoal under the oxidising flame, the metallic bead is 
surrounded with an almost imperceptible blue flame. If 
the white incrustation of the oxide formed on the char- 
coal be subjected to the same flame, it disappears with 
a greenish blue colored flame. 

Lead, — If metallic lead be fused in like manner 
upon charcoal, the bead is surrounded with a bright 
blue flame ; and if the oxide deposited upon the charcoal be 
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subjected to the blue flame, while volatilising it colors 
the flame in a similar manner. Lead salts, of which the 
acids per se do not possess the property of coloring the 
blowpipe flame, impart an intense blue color to the flame, 
when fused either on platinum wire or in the forceps. 

Selenium, — When selenium is fused on charcoal in 
the oxidising flame, it volatilises with an intense blue 
color. The sublimate formed on the charcoal behaves in 
like manner. 

Chloride of Copper, — This salt, both native (Ataca- 
mite) and artificial, colors the blowpipe flame intensely 
blue, when fused on platinum wire. If the heat be main- 
tained for some time, the flame assumes a greenish color 
due to oxide of copper. 

Bromide of Copper, — This salt, treated in the same 
manner as the above, colors the flame at first greenish 
blue, and afterwards green, owing to the formation of 
oxide of copper. 

FunbiUty. 

In order to test the fusibility of a mineral, a small 
spHnter, having a sharp edge or point, should be broken 
ofl* and held in the forceps at a short distance beyond 
the point of the inner blue flame, so that the sharp edge 
is strongly heated. If a gas-flame be employed, the mine- 
ral must be held somewhat fiirther from the point of the 
blue flame than is necessary in the case of an oil-lamp, 
in order to prevent any reduction taking place which 
would materially interfere with the results. If a powdered 
substance is to be tested, or one which decrepitates when 
heated, and must therefore be previously pulverised, the 
following process may be resorted to. A small quantity 
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of the powder is made into a paste with water and spread 
upon a piece of charcoal It is then dried and strongly 
heated with an oxidising flame, and it will generally co- 
here sufficiently to allow of its being taken up between 
the forceps and tested in the usual manner. Care must 
be taken that the substance, if a fusible one, and one 
which acts upon platinum, be not allowed to fuse down 
upon the platinum points of the forceps. 

If a substance be infusible or only very slightly fu- 
sible in the oxidising flame, it may afterwards be sub- 
mitted to the extremity of the reducing flame, since many 
substances infusible in the former become fusible on under- 
going a partial reduction: such are the silicates of per- 
oxide of iron, which are infusible in the oxidising flame, 
but which when converted into the magnetic silicates fuse 
with more or less ease. 

According to their relative fusibility minerals may be 
classed as follows : 

I. Readily fusible to a bead. 
II. With difficulty fusible to a bead. 

III. Readily fusible on the edges. 

IV. With difficulty fusible on the edges. 
V. Infusible. 

This classification, which has been proposed by 
Fkatner, is very convenient from its simplicity, and will 
therefore be adopted in this little work, the Roman 
numerals being employed as above to indicate to which 
division a mineral belongs. 

In testing the fusibility of a mineral substance it 
should be noticed whether, if fusible, a clear or opaque 
bead is obtained, also whether the substance changes color. 
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becomes magnetic, or exhibits any phenomena of intu- 
mescence, ebullition, etc., all of which are useful characters 
in indicating the nature of the mineral. 

Of the metallic oxides the following only are fusible 
in the oxidising flame, viz.: — the oxides of copper, lead, 
antimony and bismuth. The magnetic oxide of iron is 
slightly fusible in the reducing flame, but in the oxidising 
flame is converted into the peroxide and becomes infus- 
ible. The corresponding compound oxides, chromic iron 
(FeO, CrjOa), titaniferous iron (FeO, TiaOj), and Frank- 
linite (FeO, ZnO, MnO), (FoaOa, MngOa), behave in the 
same manner. Moreover the peroxide of iron (specular 
iron) is rendered fusible in the reducing flame by losing 
a portion of its oxygen and becoming converted into mag- 
netic oxide. 

Metallic sulphides are with few exceptions readily 
fusible under the blowpipe flame ; these exceptions are : 
sulphide of zinc (zinc blende), sulphide of molybdenum 
(molybdenite), and sulphide of manganese (alabandine). 

Of the simple silicates, i.e. silicates with a single 
base, those of the alkalies are most fusible. The silicates 
of lime and those of magnesia are with few exceptions 
practically infusible, the most fusible being, according to 
Berthier, those in which, as in Wollastonite, the oxygen 
of the acid is double that of the base. Silicates of alu- 
mina are infusible. 

Of the silicates of iron those of the protoxide and 
magnetic oxide are very fusible, but those of the peroxide 
are practically infusible. Consequently under the blowpipe 
flame the fusibility of a silicate of iron much depends 
upon whether it be submitted to the oxidising or the re- 
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dadng flame ; for, as has been already mentioned, many 
silicates of iron infusible in the former become fusible and 
magnetic in the latter flame. 

The fusibility of a compound silicate, i.e. a silicate 
containing two or more bases, depends upon that of the 
simple silicates of which it is composed, but is generally 
greater than the mean of these latter. Thus many sili- 
cates of lime and magnesia, and of lime and alumina, 
are more fusible than any of the simple silicates which 
enter into their composition. 

It is evident that among the natural silicates the fu- 
sibility of difierent specimens, belonging to the same mine- 
ral species, may vary considerably, since in accordance 
with the laws of isomorphism a more fusible base may be 
replaced to a greater or less extent by one that is less 
fusible, and vice versa. Thus while some specimens of 
Olivine (MgO, FeOa) SiOg, which contain a considerable 
proportion of iron, fuse to a bead under the blowpipe 
flame, others containing less of this oxide are almost in- 
fusible. 

5. TREATMENT WITH BORAX. 

As this examination serves especially to distinguish cer- 
tain metallic oxides, it is necessary, if the substance under 
examination contains any unoxidised metals, to convert 
these by a preliminary roasting into oxides. Metals in the 
state of sulphides, arsenides, etc., not only are difficultly 
soluble in borax, but the reactions afforded by them are 
more or less different from those of the corresponding 
oxides. The roasting is performed on charcoal or in an 
open glass tube, and to obtain a perfect oxidation must 
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be repeated two or three times, the substance being re- 
ground and mixed in au agate mortar before each repetition 
of the process. In roasting sulphides or arsenides it is 
frequently advantageous to mix the powdered substance 
with charcoal powder or graphite previous to roasting, in 
order to obviate the formation of sulphates, arseniates, 
etc., which cannot be decomposed by the flame alone. 
Under similar circumstances the same treatment is requi- 
site previous to testing a substance in microcosmic salt. 

6. TAEATMENT WITH MICROCOSMIC SALT. 

In this, as in the preceding process, the principal 
points to be noted are the colors which the beads assume 
while warm and when cold, both in the oxidising and in 
the reducing flame. There are certain oxides which render 
the bead more or less opaque when the latter is sub- 
mitted to an irregular flame produced by rapidly blowing a 
strong and weak blast alternately. This, for want of any 
better word, may be termed an intermittent flame, since 
the bead is alternately subjected to a cooling and a heat- 
ing atmosphere. The same opaque appearance of the 
bead may be frequently produced by slowly reheating the 
cooled bead with a weak flame, or by passing it back- 
wards and forwards thi'ough the blowpipe flame. If the 
bead contain a large dose of the oxide, it frequently 
assumes the opaque condition spontaneously on cooling. 

Of the following tables of the behaviour of metallic 
oxides and certain metallic acids with borax and micro- 
cosmic salt. No. II. is extracted from the work of Prof. 
Plattne/i*y already cited. In addition to this it has been 
thought desirable to add another table, No. I., in which 
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the varioas metallic oxides are arranged according to the 
colors they impart to borax and microcosmic salt re* 
spectively. Such a table is useful as an index to that 
which follows, and in which the behaviour of the various 
oxides, etc., is described more in detail. The alkalies are 
omitted in both tables, and the alkaline earths from 
table IL, since both these groups of oxides give colorless 
beads. Some of the earths under certain circumstances 
give opaque white beads, and these are mentioned in 
table L 
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7. EXAMINATION WITH CABBONATE OF SODA. 

The substaaee under examination is pulverised and 
mixed with a certain proportion of carbonate of soda, 
moistened with water to make the mixture cohere, and a 
small portion placed upon the charcoal. This is gently 
heated at first until all the water has been driven off, and 
the heat is then raised as high as possible. The operator 
should then observe: 1^^, whether the substance so treated 
fuses with effervescence : 2^^, whether it undergoes reduc- 
tion : or Z^^, whether neither of these reactions takes place ; 
in which ease the alkali will be absorbed into the charcoal, 
and the substance remain on the surface unchanged. 

The following substances fuse with effervescence: 
silica^ titanic acid, tungstic acid and molybdic acid. Of 
these, silica aod titanic acid fuse into a bead, the former 
only affording a bead which remains clear on cooling, and 
when the alkali has not been added in excess : the latter 
forms a bead, which on cooHng becomes opaque and cry. 
stalline. Tungstic acid and molybdic acid are absorbed 
into the charcoal in the form of tungstate and molybdate 
of soda respectively. Baryta and strontia also fuse with 
carbonate of soda, and are absorbed into the pores of the 
eharcoal, whereas lime is not. 

When mixed with carbonate of soda and exposed upon 
chaxcoal to the reducing fiame, the following metallic oxides 
are wholly or partially reduced: the oxides of the noble 
metals, and the oxides and acids of molybdenum, tungsten, 
antimony, arsenic, tellurium, copper, mercury, bismuth, 
tin, lead, zinc, cadmium, nickel, cobalt and iron. Of these, 
arsenic and mercury volatilise as soon as they are reduced. 
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and occasionally leave scarcely any visible incrustatic 
on the charcoal. Antimony, tellurium, bismuth, lead, zii 
and cadmium are partially volatilised, and form distin* 
incrustations, the imvolatilised portion of the metal beii 
found either fused or xmfused in the soda. This latt* 
portion will be best obtained by breaking off the surfa< 
of the charcoal beneath the assay, and subjecting it to 
careful pulverisation and levigation in an agate morta 
The metallic particles remain in the bottom of the morta: 
if malleable, as little shining flakes, if brittle, in the £]ir: 
of a shining metallic powder. Plattner recommends tl 
use of oxalate of potash instead of carbonate of soda f< 
the reduction of the difficultly reducible metals. 

With regard to the behaviour of sUicates when fus« 
with carbonate of soda, Plattner makes the following r 
marks : When silicates are treated with carbonate of sod 
the former give over a portion of their sUica to the alka 
and form fusible basic silicates. If more carbonate of so( 
be then added, the weaker bases are set free, and tl 
mass becomes infusible. If the silicate be such that tl 
oxygen of the silica is at least twice that of the base, whc 
a sufficient amount of carbonate of soda is added, a cles 
glass is formed which remains clear on cooling. If, on tl: 
other hand, the oxygen of the silica be equal to that « 
the base^ the silicate will be generally decomposed wit 
the evolution of carbonic acid, but it will not fuse to 
clear glass, since the double silicate so formed is compi 
ratively infusible. Fusible silicates, the bases of which ai 
infusible in the uncombined state, form, with a small quai 
tity of carbonate of soda, a clear glass, which becom< 
opaque on a further addrtion of the alkali, and is rendere 
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infusible by a still larger amount, a portion of the base 
being set free by the soda. 

A mere trace of sulphur in a substance, whether exist- 
ing as a sulphide, a sulphate, or any other combination, 
may be detected by fusing a portion of the substance under 
examination with 2 or 3 parts of carbonate of soda, or 
oxalate of potash, on charcoal, under the reducing flame. 
When the mass is thoroughly fused and the excess of alkali 
has been absorbed into the pores of the charcoal, the sa- 
turated portion of the latter with the fused mass is broken 
off and placed upon a piece of polished sUver with a drop 
of water. If the smallest trace of sulphur be present, a 
black stain of sulphide of silver will appear on the surface 
of the silver. If this reaction do not readily appear, a drop 
of hydrochloric acid may be added to hasten it. For the 
mode of distinguishing sulphur and sulphuric acid see p. 86. 
Another purpose for which carbonate of soda is em- 
ployed, is the detection of traces of manganese in any 
combination. A mixture of the substance with carbonate 
of sbda and a small quantity of saltpetre is fused in the 
oxidising flame on platinum foil : a greenish mass is thus 
obtained which assumes a turquoise blue color on cooling, 
this color being due to manganate of soda formed during 
the fusion. 

8. SPECIAL EXPERIMENTS. 

By the preceding course of investigation it is not 
always possible to establish with certainty the presence of 
^rtain bodies, the reactions of which are more or less ob- 
scured by the presence of other bodiea For this purpose 
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some further experiments are necessary, which are detail* 
in the foUowing paragraphs. 

Potash, — In substances which in addition to potai 
contain so much soda or lithia that the potash reacti< 
in the outer oxidising flame is not perceptible, the pi 
sence of this alkali, when in considerable amount, may 1 
ascertained by fusing a portion of the substance in a bon 
bead which has been colored by the oxide of nickel, ar 
to which also a little boracic acid has been added. If tl 
bead on cooling presents a bluish tinge, this may be r 
garded as an indication of the presence of potash. As th 
reaction depends on the amount of potash present, in cai 
it be not obtained upon a first trial, additional portioi 
of the substance must be successively added, and the e: 
periment repeated. The oxidising flame alone is to 1 
employed. 

As the above process is at best an uncertain one, ai 
altogether fails if potash be not present in very coi 
siderable quantity, it is generally desirable, when accura 
results are required, to have recourse to a small analys 
by the wet way* If the substance suspected to contai 
potash be soluble in water or in hydrochloric acid, a sma 
quantity (2 or 3 grains), previously pulverised, is dissolve 
in one of these solvents in a porcelain capsule. If sili( 
be present, the solution must next be evaporated to drynej 
and the residue heated to a temperature of about 250*" i 
render the siUca insoluble, after which a few drops < 
hydrochloric acid are added, and the residue, with the e: 
ception of the silica, dissolved in hot water. The siUc 
having been separated by filtration, to the filtrate a s< 
lution of caustic baryta is added until the liquid is sei 
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aibly alkaline. The metallic oxides and part of the alka- 
line earths will thus be precipitated, and may be separated 
by filtration. To the filtrate carbonate of ammonia is 
added to precipitate the excess of baryta and the remain- 
ing portion of alkaline earths, and the precipitate having 
been removed by filtration, the filtrate is evaporated to 
dryness with hydrochloric acid, and then heated to drive 
off the chloride of anmionium until fumes cease to be 
evolved. Finally, the alkaline residue is dissolved in a 
small quantity of water, and some alcohol and a few drops 
of chloride of platinimi added, when, if potash be present, 
a crystalline orange-colored precipitate will be observable 
after a longer or shorter period, according to the quantity 
of the alkali. 

If the mineral under investigation be free from silica, 
the process for the separation of that body may be dis- 
pensed with, and caustic baryta added directly to the hy- 
drochloric acid solution of the mineral. 

If a silicate insoluble in hydrochloric acid is to be 
examined for potash, it must, previous to being treated as 
above described, be finely pulverised and fused with about 
twice its bulk of carbonate of soda, free from potash, or, 
if this be not obtainable, with the same quantity of caustic 
baryta, in the platinum spoon. If baryta be used, only a 
small portion of the mixture can be treated at once, and 
a very strong flame is requisite. The flame must be di- 
rected upwards upon the outside of the spoon, and must 
not be brought into contact with the mixture. The fused, 
or if baryta be used, the fritted mass thus obtained, is 
dissolved in boiling water containing a few drops of 
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hydrochloric acid, and the solution treated in the same 
manner as that of a soluble silicate. 

Lithia, — Silicates which contain but a small amount 
of lithia, as e.g. Lithia Tourmaline and some Scapolites, 
scarcely impart any red color to the outer flame. In such 
cases Tumei's method should be applied, by which very 
small quantities of the above-mentioned earth may be de- 
tected. It is as follows: The silicate to be examined is 
finely powdered and mixed into a paste with a mixture 
consisting of one part of fluor-spar, Ij parts of bisul- 
phate of potash, and one or two drops of water. A small 
portion of this is placed on the hooked end of a platinum 
wire, and fused with the point of the blue oxidising flame, 
the outer flame being carefully observed during the fusion. 
According to Merlet, to 1 part of the silicate, 2 parts of 
the above mixture should be added in order to obtain 
reliable results. If the silicate contain lithia even in very 
small proportion, the outer flame will be colored red, 
having however a slight tinge of violet, due to the potash. 
I^ on the other hand, the silicate be free from lithia, 
a violet flame only will be obtained. If soda be present, 
the reaction cannot be relied upon ; and if boracic acid be 
present, as in the case of Tourmaline, a green flame will 
be first of all produced, indicating the presence of that 
acid, and when this is volatilised, the lithia reaction will 
be obtained. 

Lithia may be detected in the presence of soda by 
moistening the substance to be tested in hydrochloric 
acid, dipping it into melted wax or tallow, and then sub- 
mitting it to the blowpipe flame. A red flame will be 



SPECIAL EXPERIMENTS. 81 

perceptible for the first instant^ but as soon as the wax 
or tallow is consumed the soda reaction predominates. 

Mangomese* — Very small quantities of manganese, 
even less thsm 0,1 %, may be detected in a substance by 
ftudng 1 part of it in fine powder with 2 . parts by 
Tolume of carbonate of soda and 1 part of saltpetre in 
the oxidising flame upon platinum foil. The fused mass 
will be colored more or less intensely greenish blue by 
the manganate of soda so formed. 

Ir(m. —When oxide of iron exists in a mineral to- 
gether with other metallic oxides, which conceal or modify 
its color in borax and microcosmic salt, fiirther treatment 
is necessary in order either to separate these oxides, or to 
obtain them in such a form that they shall not interfere 
with the iron reaction. 

K manganese be present, so that the borax bead has 
a deep violet color in the oxidising flame, by treating 
for a few seconds in the reducing flame the bead will be 
generally so far discolored as to exhibit clearly the bottle- 
green color of the magnetic oxide of iron. In case the 
quantity of manganese present is such that this is insuf- 
ficient to efiect its entire reduction, the bead must be 
treated on charcoal with tin foil, and under a strong re- 
ducing flame, \mtil the manganese color has entirely dis- 
appeared, and the characteristic pale sea-green color of the 
protoxide of iron is clearly visible. 

' If copper, nickel or cobalt be present with iron, the 
borax bead containing the mixed oxides should be treated 
on charcoal with a small piece of metallic lead, under a 
strong reducing fl£»ne, until all the copper and nickel and 
& portion of the cobalt have separated out in the metaUic 

6 
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form and have alloyed with the lead. The borax bead is 
then to be removed from the charcoal, the metallic bead 
aeparated, and the former treated on the platinum wire in 
the oxidising flame. Then, if nickel or copper alone were 
present, the bead will afford a pure iron reaction ; but if 
these oxides were accompanied by cobalt, the borax bead 
will appear green in the hot state, and, on cooling^ wiU 
assume a bluish green or blue color, according to the re- 
lative proportions of the two oxides of cobalt and iron. 

In chromic iron, chrome ochre, and other minerals 
containing oxide of chromiimi in combination with oxide 
of iron, the latter oxide may be detected by fusing a por- 
tion of the mineral in fine powder with 1 part of car- 
bonate of sc>da and 3 parts of nitre, in the platinum 
spoon, or in several portions on a piece of platinum wire. 
By this means the oxide of chromium (Crj Oa) will be 
converted into chromic acid (Cr O3), which, combining 
with the alkalies present, forms a soluble chromate. If 
the fused mass be then dissolved in water, the insoluble 
peroxide of iron will separate out and may be tested by 
itself in borax on platinum wire. 

Nickel and Cobalt — When these two metals are pre- 
sent together in a substance, the color imparted by the 
cobalt to the borax bead is generally so intense as entirely 
to conceal that of the nickeL In order therefore to ascer- 
tain the presence of nickel under these circumstances, two 
or three borax beads are to be strongly colored with the 
mixed oxides, and placed, together with a small bead ot 
gold weighing from Vi of a grain to 1 grain, in a cylin- 
drical hole in a piece of charcoal The whole is then to 
be submitted to a strong reducing flame until all the nickel. 



SPECIAL EXPERIMENTS. 83 

has been reduced to the metallic state and has become 
alloyed with the gold bead. When this is accomplished, 
if the reduction be continued, a portion of the cobalt will 
also be reduced and pass into the gold, and as this ge- 
nerally takes place, the next process is to remove the 
oobalt. The gold bead, having been allowed to cool, is 
lemoved from the charcoal, separated from the adhering 
borax by a blow with the hammer, and, if necessary, by 
washing with a few drops of boiling water. It is then 
laid, together with a colorless bead of microcosmic salt, 
upon the surface of a piece of charcoal, and heated with 
the oxidising flame. If cobalt be present, this metal will 
first oxidise and pass into the microcosmic bead, which 
most be repeatedly removed and replaced by a colorless 
bead, until the blue color of the cobalt is no longer per- 
ceptible. A perfectly colorless bead of the same salt is 
then added, and the oxidising flame directed upon the 
gold bead for the space of about half a minute, to oxidise 
the nickel If after this treatment the bead last added ' 
has acquired a brownish yellow color, this can only be 
due to nickel ; but if no such color be perceptible, and if 
the experiment has been conducted with proper precau- 
tions, it may be concluded that nickel is absent from the 
substance. t 

Zead and Bismuth, — When these two metals are 
present together in a mineral or alloy, or when either of 
them is present in so small a proportion that no well- 
defined or characteristic incrustation is obtainable upon 
charcoal, the following test is useful A very small bead 
of the metal (which, if the substance under examination 
be a mineral, is obtained by fusing a portion with carbo* 
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nate of soda upon charcoal), is placed upon a watch glass 
together with a single drop of strong nitric acid and 
gently warmed to aid in dissolving itj after whidi the so- 
lution is evaporated nearly, but not quite, to dryness. One 
or two drops of water are then allowed to flow down 
upon the residue, and if a trace of bismuth be present, a 
white precipitate will be formed. If tin or antimony be 
present, these metals will not dissolve in nitric acid, but 
will separate out as an insoluble white powder. They may 
be easily distinguished from one another by their beha- 
viour on charcoal The presence of lead may be gene- 
rally known by the malleability of the metallic bead, but 
as a very small bead of bismuth is likewise tolerably mal- 
leable, this character alone is fallacious. It is therefore 
better in doubtful cases to disisolve another small bead 
of the metal in nitric acid as above, to add to the solution 
a single drop of sulphuric acid, and then three or four of 
strong nitric acid, when, if lead be present, a precipitate 
will appear. Sulphate of bismuth, on the contrary, wiD 
perfectly redissolve and form a clear solution. 

Boradc Acid. — Tttrner recommends the fallowing 
process for the detection of boracic acid in salts and mi- 
nerals: — The substance is finely powdered and mixed 
with 1 part of a flux, consisting of 4V2 parts of bisulphate 
of potash and 1 part of finely powdered fluor-spar. A 
little water is added to the mixture, to form a paste, of 
which a small portion is placed on a platinum wire and 
fused in the blue oxidising flame. During the fusion of 
the mass, fluoboracic acid is formed, which, being driven 
off, colors the flame siskin-green. This action ceases when 
ihe whole of the boracic acid has been eliminated. If the 
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quantity of the boracic acid present be but small, the outer 
flame must be oarefully observed, as the reaction lasts but 
a few instants. According to Merlet, 3 or 4 parts of the 
flux must be added to I of the substance under examina- 
tion in order to obtain certain results. 

SUiccL — The presence of this acid is best ascertained 
by fusing a small fragment of the mineral in micro- 
cosmic salt. The siHca, which is almost insoluble in this 
salt, separates out and remains suspended in the bead, re* 
taining the form of the original fragment. 

Sulphuric Add and Sulphur, — When sulphur has 
been detected in any substance by the means described 
at page 77, in order to determine whether it exists in the 
form of a sulphide or a sulphate, the following process, 
described by Von KobeU, is to be resorted to. The sub- 
stance is finely powdered and fused with potash in a pla- 
tinum spoon, care being taken that the flame impinge on 
the outer surface only. When cool, the spoon, containing 
the fused mass, is placed together with a strip of silver 
foil in a small porcelain vessel containing water slightly 
acidulated with hydrochloric acid. If the silver foil blackens, 
a metallic sulphide is present, as in Hauyne, Helvine, etc. ; 
but if it remains bright and untarnished, the presence of a 
sulphate is indicated. It is evident, that in order to obtain 
satisfiEtctory results, the substance under examination must 
be free from any reducing agent, as carbon or organic matter. 

Nitric Acid, — When nitrates are heated in a glass- 
bulb or sealed tube, nitrogen is first evolved, and afterwards 
nitrous acid, which may be recognised both by its yellow 
color and its pungent smeU. The nitrates of potash and 
8oda deflagrate when heated on charcoal The presence 
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of a small quantity of nitric acid m&j be ascertained by 
mixing the substance to be tested with rather more than 
an equal quantity of bisulphate of potash and heating the 
mixture in a glass-bulb. The color of the nitrons fumes 
eliminated by this means may be besif perceived by looking 
directly down the neck of the bulb, inasmuch as a thicker 
stratimi of the gas is in this way seen. 

Fliiorine. — When hydrofluoric acid occurs in small 
quantity in combination with strong bases and in the pre-> 
sence of a small quantity of water, it is necessary, accord* 
ing to Berzetiu9y to heat the assay in a glass-tube closed 
at one end, into the open end of which a small strip of 
Brazil-wood paper has previously been introduced. By 
this means hydrofluosihcic acid is expelled, which is de« 
composed, the silica being deposited at a short distance 
above the assay, and the hydrofluoric acid passing ofi* and 
coloring the Brazil-wood paper straw yellow. This reaction 
is obtainable when the substance under examination con- 
tains not more than 0,75 % of hydrofluoric acid. If in 
this experiment neither the siHceous deposit nor the color- 
ation of the Brazil-wood paper be obtained, Berzelius re- 
commends the following further experiment. Microcosmic 
salt, which has been previously fused upon charcoal or 
platinum, is finely powdered and mixed with some of the 
substance in question also finely pulverised. A portion of 
the mixture is introduced into an open glass-tube, and the 
blowpipe flame so directed upon it, that a part of the 
flame passes up the tube. By this means, hydrated hydro* 
fluoric acid is formed (if the substance be free from silica), 
which passes up the tube and may be recognised both by 
its peculiar pungent smell and by the mode in which it 
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corrodes the sides of the glass-tube, rendering them dull 
and opaque wherever any moisture condenses. If Brazil- 
wood paper be exposed to the action of the gases passing 
up the tube, it will be colored yellow, affording another 
indication of the presence of fluorine. If the substance 
under examination contain silica, fluoride of silicon will be 
formed, which will be decomposed by the water in the 
products of combustion, and the silica deposited in solution 
in the condensed moisture. As the water is evaporated 
by the increasing heat of the tube, the silica is thrown 
down on the glass, and is clearly perceptible either with 
or without the aid of a lens. If now the tube be washed 
out with water and dried, it will be generally found cor- 
roded by the fluorine, which leaves a dull spot wherever 
it attacks the glass. Moreover if Brazil-wood paper have 
been introduced during the experiment, it will be found 
colored yellow. As this experiment requires the application 
of a strong heat, so that the glass-tube is frequently soft- 
ened and bent, thus interfering materially with the success 
of the experiment, Smithson has recommended the use of 
a piece of platinum foil, rolled into a tube and having a 
portion cut away for about half its length as shown in the 
figure 9. The tubular end is introduced into the glass- 
Fig. 9. tube, the mixture 
___■ to be tested for 
^^^^^^^^^^^^■HfeBHjj^ fluorine laid upon 

the projecting part, 
and the flame so directed upon it, that the products of 
combustion pass up the tube. This arrangement has the 
advantage that the fused substance does not come in con- 
tact with the glass-tube, and the inconveniences attending 
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the fosing and softening of the glass are altogether 
avoided. £7 its aid Flattner has obtained most satisfiBtctorj 
results with slags containing mere traces of fluorine. 

According to Merlet, the following process is also ap- 
plicable to substances which contain fluorine in any con- 
siderable proportion : — The substance previously powdered 
and mixed with its own weight, or according to Berzelius 
4 times its weight of fused bisulphate of potash, is strongly 
heated either with a spirit-lamp or with the blowpipe 
flame in a glass-tube closed at one end, until sulphuric 
acid begins to be evolved. The mass should be heated 
from the top downwards in order to avoid too great froth- 
ing up. The upper part of the tube will thus be in- 
crusted more or less with silica depomted from the fluo- 
silicic acid gas which passes oiL The lower extremity of 
the tube, containing the fused mass, is then cut off and the 
upper part rinsed out with water and dried with blotting 
paper. If much fluorine be {Nresent in the substance ope- 
rated upon, the glass-tube will be dull all over its inner 
surface ; but if a small quantity only be present^ the coTf 
rosion will be only partial This process is less delicate 
than that above described, viz. with the use of microcosmic 
salt in the open glass-tube. 

Chlorine^ Chlorides a/nd Chlorates. — Berzdvas gives the 
following method for the detection of chlorine in its com- 
pounds. Oxide of copper is dissolved with the oxidising 
flame in microcosmic salt until a nearly opaque bead is 
obtained. A small quantity of the substance to be ex- 
amined is then placed on the fluid bead, and heated in the 
reducing flame. If chlorine be present, the bead is sur- 
rounded with a beautiful blue flame having a tinge of 
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purine, and this lasts until the whole of the chlorine has 
been expelled. With an additional quantity of the sub- 
stance, the reaction may be repeated. With the exception 
of bromine, no other body affords a similarly colored flame. 
Another method for the detection of chlorine, also describ- 
ed by BerzdiuBy but which is applicable to soluble chlo- 
rides only, is the following. — A small quantity of sul- 
phate ci iioiL* or sulphate of copper is laid upon a piece 
of polished silver, moistened with water and a small por- 
tion of the soluble chloride added. After a few moments 
a dark bronze-colored stain of chloride of silver is pro- 
duced upon the surface of the metal This process is 
applicable to insoluble chlorides, if they be previously fused 
with a littie carbonate of soda to form chloride of sodium. 
Bromiiie^ Bromides and Bromatea, — According to Ber- 
seUtUj bromides afford similar reactions to the chlorides, 
both with the microcosmic salt and oxide of copper, and 
with sulphate of copper on silver, with the difference that 
in the former process the flame colored by bromide of 
copper has no piurple tinge, but rather inclines to green, 
especiaUy at the edges. In order to distinguish with cer- 
tainty bromides and bromates from their corresponding 
chlorine compotmds, they must be fused with bisulphate 
of potash in a glass-bulb. By this means sulphurous acid 
and l»x>mine or chlorine are eliminated, which may be 
distinguished by their colors and their characteristic un- 



* Notwithstanding the high authority on which the use of 
sulphate (protosulphate) of iron is here recommended, I have 
been nnable to obtain any successful results with that salt. 
Sulphate of copper answers extremely well, and gives a speedy 
and characteristic reaction. — [Tr.] 
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pleasant odors. If bromine be contained in a substance 
in very small quantity only, it is advisable, immediately 
after the fusion, to look down the neck of the bulb in 
order to see the color of a thick stratum of the gas. If 
chlorine be present, but in smaU proportion, it is more 
difficult to detect by this means than bromine, owing to 
its pale green color. If iodine and bromine be present 
together, a mixture of yellow bromine fumes with the 
violet fumes of iodine will be visible. 

lodiiie, Iodides and lodates, — According to BerzdiuSf 
when iodides are treated with microcosmic salt and oxide 
of copper m the manner described for chlorine compounds, 
they impart a brilliant green color to the outer flame. 
If an iodide be fused with bisulphate of potash in a glass^ 
bulb, the iodine is sublimed and partly condensed in the 
upper part of the neck, the remainder passing off in the 
form of violet-colored fumes. In order to detect a trace 
of iodine in the mother liquors obtained in salt-works, a 
solution of starch, and subsequently chlorine water is 
added, on the addition of which, an insoluble com- 
pound is formed, having a beautiful blue color. Heine 
employs nitric acid instead of chlorine water, and proceeds 
in the following manner : To the neutral solution supposed 
to contain iodine, a small quantity of the starch solution 
is added, and the whole stirred with a glass rod. One or 
two drops of nitric acid are then added, and the solution 
again stirred. If iodine be present, even in very small 
quantity, an intense blue is at once produced. 

Magnesia^ Tantalic Acid, Alumina, Oxide of Zinc, Oxide 
of Tin, Oxide of Aniivaony, Titanic Acid, Nicbic Acid, Zir- 
conia. — All these substances when moistened with nitrate 
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of cobalt and strongly heated, exhibit certain characteristic 
colors. The powdered substance is mixed into a paste 
with water, and a portion laid upon charcoal and gently 
heated. As soon as the water is evaporated, a drop 
of the cobalt solution is applied to the dry porous mass, 
by which it is rapidly absorbed. It is then again heated, 
at first gently, to decompose the nitrate of cobalt, and 
then strongly with the oxidising flame until the mass is 
brought to a bright red heat. When allowed to cool, if 
the substance consist of any of the bodies above enume- 
rated, it will exhibit one of the following colors according 
to its nature :. 

Magnesia, flesh tint; tantalic a(»d, pink; alumina, 
bright blue; oxide of zinc, flue yellow green (siskin- 
green); oxide of tin, bluish green; oxide of antimony, 
dusky green; titanic acid, yellowish green (less brilliant 
than oxide of zinc) ; niobic acid, dusky green ; zirconia, 
dusky violet. 

In order to produce these colors it is very essential 
that the oxide operated upon be pure. The admixture of 
other oxides produces more or less duskiness and impu- 
rity in the colors. The presence of alkalies with silica 
gives rise to a blue color, due to the formation of a co- 
balt glass should that metal be present. 

TeO/wrium, — The following method is recommended 
by Berzdiua for the detection of small quantities of tellu- 
rium. The substance mixed with carbonate of soda and 
some charcoal is fused in a glass-bulb, and, when cold, a 
few drops of water previously freed from air by boiling 
are allowed to fall on the fiised mass. After a short time 
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the water becomes tinged intensely purple by the telluride 
of sodium which dissolyes in it. 

Arsenic. — A very small quantity of arsenic in a me- 
tallic compound, as, e.g. nickel and cobalt, cannot gene- 
rally be detected with certainty either in the glass tube 
or on charcoal Under these circumstances FlcUtner re- 
commends the following process: — 1 part of the finely 
powdered metal (Vi gr. to 1 gr.) is mixed with from 5 to 
6 parts of saltpetre and strongly heated in a platinum 
spoon. By this means the metals are oxidised, and arse- 
niate of potash is obtained. The fused mass is then boiled 
in a small quantity of water in a porcelain vessel until 
all the arseniate is dissolred. The metallic oxides are 
allowed to subside and the clear solution decanted off 
into another porcelain vesseL A few drops of sulphuric 
acid are added, and the solution boiled to expel the nitric 
acid, after which it is evaporated to dryness. In this ope- 
ration the sulphuric acid should be added only in suffi- 
cient quantity to drive off the nitric acid, or at the utmost 
to form a bisulphate with the excess of potash. When 
dry, the salt thus obtained is pulverised in an agate mor- 
tar and mixed with about 3 times its volume of oxalate 
of potash and a little charcoal pow4^. The mixture is 
introduced into a glass-bulb having a narrow neck, and 
gently warmed over a spirit-lamp in order to drive off 
the moisture, which must be absorbed by a piece of 
blotting paper in the neck of the bulb. After a short 
time the temperature is increased to a low red heat, at 
which the arsenious acid is reduced and the metallic 
arsenic sublimed, which recondenses in the neck of the 
bulb, as shown at fig. 10. If then the arsenic be so 
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small in quantity aa to exhibit no metallic lustre, the 
neck of the bulb may be cut off with a file immediately 

Fig. 10. above the sublimate, and the latter 

J^ exposed to the flame of the spirit- 

A^ lamp; the arsenic is then volatilised, 

^Zw and may be recognised by its garHc 
^r ^ a odor. 

^mJ The above process is equaUy ap- 

^^^F plicable to the detection of arseniates 

and arsenites, the latter part of the process, viz. the heat- 
ing with oxalate of potash and charcoal, alone being ne- 
oessaiy. Equally satisfiGu^tory results are obtained with 
sulphide of arsenic when treated in Uke manner with 4 or 
5 parts of dry oxalate of potash and a small quantity of 
powdered charcoal: in this case sulphide of potassium is 
obtained and free arsenic evolved. — According to Frwe- 
niu» and Bahoy very small quantities of arsenic may be 
detected by heating the substance to redness in a glass- 
bulb with 6 parts of a mixture, consisting of equal propor- 
tions of cyanide of potassium and dry carbonate of soda 

An important condition for the success of the above 
pipcesses is that the substauce examined for arsenic be 
perfectly anhydrous before being strongly heated, since 
the least moisture not only causes the frothing up of the 
mass, but also oxidises the sublimed arsenic. 

The following process is also well adapted to the 
discovery of small quantities of arsenic. The finely 
powdered substance is mixed with from 6 to 7 times its 
volume of saltpetre and fused in a platinum spoon. The 
fused mass is then treated with boiling water, as above 
described, and the decanted or filtered solution having 
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been acidified with acetic acid and boiled, a small crystal 
of nitrate of silver is added to it. Any arsenic present in 
the substance will thus have become converted into arsenic 
acid, and will form an insoluble arseniate of silver easily 
recognisable by its reddish brown color. 

Phosphorus, — Small quantities of phosphorus, which 
cannot be detected by heating in the platinum forceps, 
may be found by the following treatment. A mixture is 
prepared of 3 parts by weight of carbonate of soda, 1 part 
of saltpetre and 1 of silica. The substance to be examined 
for phosphorus is then pulverised in an agate mortar, 
together with 5 times its volume of this mixture, and the 
whole fused in a platinum spoon. The fused mass is dis- 
solved in water, filtered, to separate the insoluble matter, 
and to the clear filtrate a few drops of carbonate of am- 
monia are added. £y boiling the solution the silica is 
separated as a sihcate of soda, which is removed by fil- 
tration. To this second filtrate, acetic acid is added until 
the solution is slightly acid ; it is then boiled to expel the 
carbonic acid, and treated with nitrate of silver as in the 
case of arsenic. A yellow precipitate indicates the pre- 
sence of phosphorus, which, if it existed previously in the 
form of a phosphide, has by this treatment been converted 
into phosphoric acid. 
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THE BEHAVIOUR OF MINERALS BEFORE 

THE BLOWPIPE. 



The examination of minerals with the view of deter- 
mining their species is one of the principal applications 
of the blowpipe in the hands of the student, and the ease 
and celerity with which rehable results are obtained by 
its aid render this instrument of great importance to all 
those who, either professionally or otherwise, are interested 
in the determination of mineral substances. In under- 
taking such an examination, it must be remembered, that 
the blowpipe does not enable the student to dispense 
with a knowledge of the physical characters of minerals, 
such as their hardness, color, lustre and form of crystalli- 
sation, but is rather to be regarded as an auxiliary to such 
knowledge, enabling him to decide in doubtful cases be- 
tween two or more species which resemble each other 
more or less in color and general appearance. Thus Gra- 
phite and Molybdenite, minerals which closely resemble 
each other in their physical characters, may be readily 
distinguished from one another by holding a small frag- 

7 
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ment of either mineral in the point of the blue oxidis- 
ing flame. In the case of Graphite the outer flame will 
remain uncolored, whereas, if Molybdenite be so treated, 
a yellowish green streak will be observed in the flame 
beyond the mineral due to molybdic acid. 

Another purpose for which the blowpipe is very use- 
ful is that of ascertaining by a simple experiment and 
with great certainty the presence of certain bodies in a 
mineral, whether they be essential or non-essential to its 
composition. Thus the presence of cadmium in zinc- 
blende may be readily determined by fusing a small por- 
tion of the powdered mineral with carbonate of soda 
upon charcoal If cadmium be present, the characteristic 
orange-colored incrustation of the oxide of that metal will 
be formed on the charcoal ; but if absent, the ^nc incrusta- 
tion alone will be obtained. In like manner a very small 
trace of manganese may be detected in a mineral by the 
process described at pa^e 81, and a very minute quantity 
of arsenic by that described at page 92. 

In the following pages the blowpipe characters of 
the most important and most frequently occurring mine- 
rals, tabulated in accordance with the arrangement adopted 
in the preceding part of this work, are given, to serve 
either as examples for practice or for the reference of the 
student in examining undetermined species. The classifi- 
cation of the minerals which is here adopted is that em- 
ployed by Professor Band in his very excellent handbook, 
" A Manual of Mineralogy," and which, if not so accurate 
in a philosophical point of view as that adopted in the 
recently published edition of his larger work, is far more 
convenient for practical purposes. 
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The names of the minerals given in the first column, 
and which for the sake of brevity are unaccompanied bj 
any synonymes, are those most commonly in use among 
English mineralogists, and are for the most part those 
under which the minerals stand described in Dana^s work. 
The chemical formulae of the minerals are given in the 
second column, and are chiefly on the authority of Ram- 
meUber^s Chemico-Mineralogical Dictionary. With but 
few exceptions, only the essential constituents of a mineral, 
or those which, being non-essential, are almost constantly 
present, are mentioned either in its chemical formula or 
in the other columns of the table, as affecting its blowpipe 
reactionk. The principal impurities and incidental con- 
stituents (with the above exceptions) are mentioned in the 
notes at the end of each table, and where several mine- 
rals occur having a nearly similar composition as regards 
the nature of their elements, only the most important 
of these are described at length in the tables, and the 
others, if not of very rare occurrence, are briefly eniune- 
rated at the end. The remaining columns are constructed 
with reference to the eight sections into which the former 
part of this work is divided, and, where practicable, the 
student is referred back to these for a description of the 
phenomena presented by the various oxides and simple 
bodies in the processes of investigation. 

In the case of the mineral resins and organic minerals, 
such as coal, jet, amber, etc., the plan of investigation is 
somewhat modified. Since carbon, hydrogen and oxygen, 
the elements which chiefly enter into the composition of 
these minerals, afford no characteristic reactions in borax, 
or microcosmic salt or with carbonate of soda, these tests 
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are omitted, and the only processes to which it is neces- 
sary to subject such minerals are heating them, l^t, with- 
out, and 2'^d, with access of air, the former in a glass-bulb 
or tube sealed at one end, the latter either on charcoal 
or platinum foil. Many of these minerals, when all com- 
bustible matter has been consumed, leave a larger or 
smaller quantity of ash, which may, if requisite, be sepa- 
rately examined in th6 same manner as an inorganic mine- 
ral; but as such an examination would &il to afford any 
useful indications as to the nature of the mineral, it is not 
here included. 

Again, in the case of the alkaline and earthy silicates, 
owing to the great similarity of many of these minerals 
in their ultimate composition, a detailed description of the 
blowpipe characters of each mineral would in most cases 
consist in a mere verbal repetition, indicating but little 
by which any particular mineral might be characterised. 
The blowpipe characters most useful in examining this 
very numerous class of minerals are, l^t, their fusibility, 
2nd, their behaviour with carbonate of soda, and 3^^, their 
behaviour in the glass-bulb as indicating a hydrous or an- 
hydrous composition. According to these three characters, 
the principal silicates will therefore be tabulated, and such 
only as afford certain characteristic reactions will be se- 
lected for a somewhat more detailed description. 
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CARBON AND ORGANIC MINERALS. 

(Behayiour in glass-bulb, see page 102.) 

Under the head of carbon minerals are here included 
not only those minerals which, as the diamond, graphite, 
etc., consist of carbon and its inorganic compounds, but 
also those combinations of carbon with hydrogen, oxygen, 
etc., the investigation of which falls within the province 
of organic chemistry. The minerals included in this last 
section are characterised by their affording an empyreu- 
matic odor when heated in the glass-bulb, frequently 
accompanied by the elimination of tar, naphtha and other 
volatile hydro-carbons, which are partly condensed in the 
neck of the bulb. When heated with the blowpipe flame 
upon platinum foil, they mostly take fire and bum with 
a bright yellow flame, whereas the diamond, graphite and 
anthracite, which consist of little else than pure carbon, 
are gradually consumed, accompanied at most by a pale 
blue flame. 
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Mineral. 



Formula. 



Diamond - - 



Graphite - - 



Anthracite 



WaUsend-coal- 



C 



C with some 
iron,8ilica,etc. 



C + xH 
and some ash. 



C,H,N,0,S, 
and ash. 



Cannel-coal - 



Brown-coal 



C,H,N,0,S, 
and ash. 



Asphaltum 



C,H,N,0,S, 
and ash. 



C + H + 0. 



Behaviour 



in glass-hulh. 



Generally gives off 
water. 



Evolves water. 



Intumesces and 
gives off water 
and tarry matters 
which partly con- 
dense in bulo, and 
leave a porous 
coke. 



As the preceding, 

but gives off more 

tar. 



Gives off much 
water and tar, and 
leaves a porous 
cinder retaining 
the form of the 
original fragment. 

Tuses with ease, 
affording an em- 



on platinum foil. 



In fine powder is 
slowly consumed 
without residue in 
a strong oxidising 
flame. 

Is slowly consum- 
ed leaviiu; more 
or less asn, prin- 
cipally FeaOj. 

Is slowly consum- 
ed with the ex- 
ception of a small 
quantity of ash. 

Takes fire under 
blowpipe flame, 
and Dums with a 
smoky flame depo- 
siting much soot, 
and kaving a po- 
rous cinder, which 
bums slowly, and 
leaves a small ash. 

Similar to the pre- 
ceding. If held to 
the lamp -flame, 
takes fire and 
bums for some 
seconds. 

Bums slowly and 
without name, 
leaving some ash. 



Takes fire and 
bums with a 
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MineraL 



Formula. 



ABplialtiim - 

(Oootmuation 
of p. lOS ) 



Elaterite - - 



C + H + 0. 



C + H. 



Haehettme 



Ozokerite - - 



Amber- - - 



C„H 



n -^n 



C + H. 



C40 ^64 O4 



Behaviour 



r 



in glass-bulb. 



pyreumatio oil 
naying an alkaline 
reaction, and com- 
bustible gases, and 
leaves a carbona- 
ceous residue, 
which is entirely 
consumed under 
theblowpipe flame, 
except a small ash. 

Fuses and gives off 
water having an 
acid reaction, 
naphtha and a 
tarry fluid, which 
chiefly condense 
in the neck of 
the bulb and leave 
a light, pulveru- 
lent carbonaceous 
residue. 

Fuses to a clear 
colorless liquid, 
which solidifies on 
cooling and has a 
tallow-like smell. 

Fuses readily to 
a clear brown oily 
fluid, which soh- 
difies on cooling. 

Fuses with diffi- 
culty and affords 
water, an empy- 
reumatic oil, and 
succinic acid, 
which condense 
in the neck of the 



A 



on platinum foil. 



bright flame and 
a thick smoke. 



Fuses, takes flre 
and bums with 
a smoky flame, 
leaving a carbo- 
naceous residue, 
which under the 
blowpipe flame is 
quickly consumed 
with the exception 
of an ash. 



Fuses, takes fire 
and bums with 
a bright flame 
until entirely con- 
sumed. 

As the preceding. 



Takes flre and 
bums with a yel- 
low flame and a 
peculiar aromatic 
odor. 
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Mineral. 



Amber - - - 

(C!ontinaation 
of p. 103). 

MeUite- - - 



Formula. 



^'40 Hji O4 



AI2O3M, 
+ 18HaO. 




Behaviour 



bulb, leaving a 
shining black re- 
sidue. 

Gives off water. If 
heated to redness 
is carbonised and 
gives a slight em- 
pyreumatic odor. 



on platinum foil. 



(See p. 103.) 



On charcoal bums 
to a white ash, 
which moistened 
with nitrate of 
cobalt and heated 
shows the alumina 
reaction. 



The minerals above enumerated, although among the 
most important of the organic class, are but a few of the 
numerous species which have been described by various 
authors. Many of these, however, are of extremely rare 
occurrence, and are not of sufficient interest to demand 
notice in this place. With regard to the varieties of coal, 
four only are here eniunerated, viz. : Anthracite, cannel- 
coal, Wallsend- (bituminous) coal and brown-coal. These 
may be regarded as four typical varieties, between which 
there are coals of all gradations of character, as cherry- 
coal, splint-coal, etc., and an infinite variety of coals, 
which have received local names, an enumeration of which 
would be here out of place. 
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SULPHUR. 

(BehaTioiir in glaas-bolb see p. 21, in the open tube p. 23, with carbo- 
nate of soda p. 77.) 

Native sulphur is easily recognised by its fusing, vola- 
tilising with little or no residue, and recondensing when 
heated in the glass-bulb; by its burning with a blue flame, 
and with the formation of sulphurous acid when strongly 
heated in the open tube; and by its producing a black 
stain upon silver when having been fused with carbonate 
of soda on charcoal, the fused mass is placed upon a piece 
of polished silver and moistened with one or two drops 
of water. 

For the notice of the metallic sulphides and sulphates 
see the various metals. 
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POTASH. 

(Behaviour in forceps or on platinum wire see p. 33. Mode of detect 
potash in the presence of soda see p. 78.) 

If we exclude from consideration those compound 
licates in which potash is present in greater or smaJ 
quantity, the minerals of this alkali are few in numl 
and with one exception, viz. nitre, of no great importan 





Formula. 


Behaviour 


Mineral. 


(1) 

in glass-hulb. 


(2) 
in open tube. 


p 


Nitre - - - 
Polyhalit^- - 


KNO3 

2ES3^A, 
+ICa+iMg 


Fuses readily 
to a clear li- 
quid, and with 
a strong heat 
boils with the 
evolution of 
oxygen. 

Gives off 
water. 


— 


D 

!& 
li 
w] 
so 
ch 

F 
re 
w 
re 

80 
8h 

h< 



Nitre is rarely found pure. It generally contains n 
or less chloride o* ~>*.-.i~~v vodL wiJlv^ms» oi v*»^ 
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The violet color imparted bj potash to the blowpipe 
flame is veiy chaiacteristiGy and is a very certain test, 
if soda be absent. I^ however, besides potash, soda be 
present in a mineral, recourse must be had to the process 
described at p. 78 for the detection of the former alkali. 
With the exception of the silicates, all the potash minerals 
are soluble in water, and may generally be distinguished 
by their taste when applied to tHe tongue. 



Behaviour 






OwBimiii 
i&MBand 
•n the 
» Tiolet 
i cr less 
Pkd by 
indsoda. 




(6) 
in borax. 



Dissolves with 
ebullition to a 
clear glass, 
which is 
slightly co- 
lor^ by iron, 
and when sa- 
turated be- 
comes opaque 
on cooung. 



(6) 
in mic. salt. 



As in borax. 



^ 



(7) 
with carb. soda. 



Fuses. The 
alkalies are 
absorbed by 
the charcoal, 
leayinir the 
lime aid ma^. 
nesia infusible 
on the surface. 



(8) 

Special 

reactions. 



With biflul- 
phate of pot- 
ash in the 
glass - bulb 
evolyes nitrous 
fumes (see 
p. 85). 



The alkaline 
mass when 
laid on silver 
gives a sid- 
phur reaction. 



occasionaUy salts of soda^ lime and magnesia. — For 
Alnnite and native alum see alumina. 
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SODA. 

(Behaviour in forceps or on platinum wire see p. 32.) 

The intense orange-yellow color, which all soda-salts 
impart to the blowpipe flame, is in all cases a sufficient 



Mineral. 



Rock-salt - 



Natron- - - 



Soda-nitre- - 



Glauber-salt - 



Formula. 



NaCl. 



NajCOa 
+ 10 Aq. 



NaNO, 



Na2S04 
-f 10 Aq. 



Behaviour 



?" 



(1) 

in glass-bulb. 



Fuses to a 
clear liquid. 



Fuses with 

the evolution 

of water. 



Fuses and if 
strongly heat- 
ed evolves ni- 
trous fumes. 



Fuses and 
gives off wa- 
ter having a 
neutral reac- 
tion. 



(2) 
in open tube. 





on ch 



Fuses, 
sorbed 
charooi 



tilised,! 

ing th 

coal a 



Fuses 
absorb 



the 
thee 



S 



Deflaj 
and ] 
sorbe* 
thech 



Fuses 
absorb 
the d 
Thesa 
charco 
upon 
gives 1 
phurr 
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indication of the presence of this alkali. With the ex- 
ception of Cryolite, all the minerals mentioned in the fol- 
lowing table are soluble, and many of them may be re- 
cognised by their characteristic taste ; especially rock-salt 
and soda-nitre. 



Behayiour 



eps. 

with 

leand 

the 

lUow. 



idbe- 
) the 
ing. 



ates 
inmn 
oring 
.ame 
w. 



(6) 
in borax. 



(6) 
in mic. salt. 



with carb. soda. 



(8) 

Special 

reactions. 



Gives the 
chlorine re- 
actions 
(see p. 88). 



Dissolves in 
acids with 
violent effer- 
vescence. 



Inariass-bulb 
with bisul- 
phate of pot- 
ash, gives the 
NO5 -reaction 
(see p. 85). 



d co- 
lame 
7, 



Gives the 

SO3- reaction 

(see p. 85). 



\ 
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SODA. (Continua 





Formula. 


Behaviour 


Mineral. 


(1) 


(2) 








in glass-bulb. 


in open tube. 


on< 


Glauberite- - 


Na2S04 


Decrepitates 


^^^ 


Fuse 




+ Ca SO4. 


with the evo- 
lution of more 
or less water, 
and when 
strongly heat- 
ed fuses to a 
clear liquid. 




clea 

then 

out; 

is a 

and 

leftc 

face. 

silve: 

masF 

sulpl 


Borax - - - 


NaBOj 


Intumesces 




Inti 




+ HBO2 
+ 6 Aq. 


with the evo- 




and 




lution of wa- 




clea 






ter, and under 




mor< 






a strong heat 




col( 






fuses. 




im] 


Cryolite - - 


NagAlgFij. 


Decrepitates 


If heated, so 


Fuse 






slightiy and 


that the flame 


pidb 






gives a trace 


be allowed to 


onc< 






of water. 


play up the 
tube upon the 
mineral, fluo- 


comi 
enan 








hea 








rine is evolv- 


som< 








ed, which cor- 


bubl 








rodes the in- 


off 








terior of the 


and 








tube. 


in 



Most of the above minerals are rarely found pur 

and those to the composition of which sulphate of soc 

and chloride of sodium are non-essential, frequently coi 

tain more or less of theae salta oa \m^>3Lni\Qa) togetb 
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f pages 108 and 109.) 



Behayiour 


(8) 





(6) 


(6) 


(7) ^ 


Special 


!«ep8. 


in borax. 


in mic. salt. 


with carb. soda. 


reactions. 


easfly 


Fuses easQy 


• 
As in borax. 


As alone on 


Gives the 


clear 


and gives the 




charcoal. 


S O3 - reaction 


color- 


lime reaction. 






(see p. 86). 


flame 










nr. 


• 








char- 






Fuses to a 


Gives the 


I. 






clear bead, 
which be- 
comes crys- 
talline on 


boracic-acid- 

reaction. 

(see p. 84). 


1 




cooling. 




color- 


Dissolves to a 


As in borax. 


Fuses to a 


If the alumina 


flame 


clear bead 


• 


clear bead, 


residue ob- 


w. 


which is ren- 




then spreads 


tained be 




dered opaque 




out on the 


moistened with 




by a large 




charcoal, the 


cobalt solution 




addition. 




soda is ab- 
sorbed, and an 
infusible mass 
of alumina 
remains. 


and heated 
strongly, it as- 
sumes a beau- 
tiful blue 
color. 



with more or less magnesia, lime or iron. These, if pre- 
sent in any quantity, can be easily detected by resorting 
to the proper tests as given elsewhere. 
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BARYTA AND STRONTIA. 

Baryta (behaviour in platinum forceps see p. 36, in 
borax and microcosmic salt Table I., with carbonate of 
soda p. 75). — The principal blowpipe characters of ba- 
ryta minerals are: the green color they impart to the 
blowpipe flame, which distinguishes them from strontia 
and lime minerals, and their property, when fused upon 
charcoal with carbonate of soda, of being absorbed into 
the pores of the charcoal, by which baryta is distinguished 
from all the earths, excepting strontia. A borax bead con- 





Fonrnila. 


Behaviour 


Mineral. 


' (1) 


(2) 


(3) 






in glass-bnlb. 


in open tube. 


on char 


Heavy-spar - 


.BaS04 


Sometimes 

decrepitates 

and gives off 

more or less 

water. 




Fuses ii 

rednd 

flaou 


Celestine - - 


SrS04 


— 




Fuses t 

milk-w 

bead 
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tainiDg baryta and rendered opaque by an intermittent 
flame, has a milk-white appearance, whereas lime, mag- 
nesia and alumina, under the same circumstances, afford 
a crystalline bead. 

Strontta (behaviour in platinum forceps see p. 35, 
in borax and microcosmic salt Table I., with carbonate 
of soda p. 75). Strontia minerals resemble those of ba- 
ryta in their reactions in the borax bead, and with car- 
bonate of soda upon charcoal. They are distinguished 
from the latter by the color they impart to the blowpipe 
flame. 



Behaviour 


(8) 


w 


(5) 


(6) 


(7) ^ 


Special 
reactions. 


forceps. 


in borax. 


in mic. salt. 


with carb. soda. 




1 

1 

les with Gives the 


As in borax. 


Fuses to a 


If fused with 


idt^ on baryta-reac- 




clear bead; 


potash on pla- 


a. Colors : tion. 




then spreads 


tinum gives the 


iBter flame 




out and is ab- 


SOs-reaction 


B. In the < 




sorbed into 


(see p. 85). 


lang flame 




the charcoal. 


IB BaS, 




The fused 




idi fuses 




mass laid on 


■ 


tMdQy. 1 




silver gives 










the S- reac- 










tion. 




n. 










tlois the \ Gives the 


As in borax. 


Similar to the 


Similar to the 


ke crim- 1 strontia -reac- 




preceding. 


preceding. 


wn. 


Qon. 

• 

; • 




1 


1 
1 



^ 
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BARYTA AND STR( 



\ 




Behavionr 


Mineral. 


Formula. 


' (1) 


(2) 






• 


in glass-bulb. 


in open tube. 


on ( 


Witherite - - 


BaCOs 


Decrepitates 

more or less 

and evolves 

water. 


• 


Fuse 
vesoc 
parti 
sorb< 
cb 


Strontianite - 


SrCOa 


Beoomes 
opaque. 




Asii 


Barytocalcite - 


BaCOa 
+CaC03 


As the pre- 
ceding. 


— 


In 
frits 1 
but < 
i 



The above minerals frequently contain more or lest 
iron, magnesia and lime as impurities. Heavy-spar abac 
occasionally contains strontia in small quantity, but as the 
baryta is in large excess, tbie g;teeii color produced by thif 
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tinuation of pagos 112 and 113.) 



Behaviour 


(8) 


w 


(6) 


(6) 


(7) ^ 


Special 
reactions. 


'oroeps. 


in borax. 


in mic. salt. 


with carb. soda. 




I. 


Dissolyes with 


As in borax. 


Fuses to a 


In dilute HCl 


■s the 


efferyescence 




clear bead; 


dissolves with 


flame in- 


and gives the 




then spreads 


much efferves- 


ly green. 


baryta - reac - 
tion. 




out and passes 
into the char- 
coal. 


cence. 


dates and 


Resembles the 


As in borax. 


As the pre- 


As the pre- 


nesarbo- 


preceding. 




ceding. 


ceding. 


Qt. The 










ents glow 










mHj and 










oa the 




• 






. Colors 










amebril- 










y crim- 










son. 










IV. 










»r8 the 


Dissolves with 


As in borax, 


Fuses, and is 


As witherite. 


t green 


effervescence. 


but the satu- 


partially ab- 
sorbedjeaving 




10 centre 


In large quan- 


rated bead is 




red to- 


tity gives a 


milk-white. 


the lime on 




Is the 


semi - crystal- 




the surlace. 




K>int. 


line bead. 









earth in the blowpipe flame overpowers that produced by 
the strontia, and the latter can therefore only be de- 
tected by a wet analysis. 
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BEHAVIOUR OF MINERALS 



LIME. 

(Bebavioar in the forceps see p. 85, in borax and miorooosmic salt 
Table I., iritb carbonate of soda p. 75.) 

Most lime minerals, except the silicates and those 
containing soda or baryta, may be recognised by the red 
color they impart to the blowpipe flame, and their beha- 
viour in the borax and microcosmic beads, and on char- 
coal with carbonate of soda. These characters distinguish 





Formula. 


Behayionr 


Mineral. 


' (1) 


(2) 


(3) 






in glass-bulb. 


in open tube. 


on chan 


Gypsum - - 


CaS04-f2Aq. 


Turns white, 
giving off wa- 
ter and being 
converted into 


— 


In iho 
ducing 1 
forms ( 
which hi 






plaster of 


^ 


alkaline 






Paris. 




tion on 
paper, 
gives a 
phur-refl 
when lai 
silver 
moistei 


Apatite - - 


CaJ^;+3 


Occasionally 


._ 


- 




decrepitates 








(Gas 2 PO4) 


and gives off 










some water. 
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lime from baryta and strontia, while its negative character 
of assimiing no distinctive color, when treated with nitrate 
of cobalt, distinguishes it from alumina and magnesia. 
I:^ however, magnesia, alimiina, iron or manganese be 
present in any considerable quantity, recourse must be 
had to an analysis by the wet way to establish the pre- 
sence of lime. When by this means the alkaline earths 
have been separated from one another, they may be 
tested under the blowpipe in the usual manner. 



Behaviottr 



forceps. 

es with 

tMf to a 

cokofnns 

dame red. 



IV. 

viously 
edinSOs 
0T8 the 
e green, 
•wards red. 



(6) 
in borax. 



Dissolyes to a 
clear bead, 
which gives 
the lime-reac- 
tion. 



Dissolves 
easily and 
when in some 
qnantity gives 
an opaline 
bead. 



(6) 
in mic. salt. 



As in borax. 



Gives the 
lime-reaction. 



with carb. soda. 



Behaves as 
Ume. The 
alkaline mass 
laid on silver 
and moistened 
gives the sul- 
phur-reaction. 



Is infusible. 
The alkali is 
absorbedjleav- 
ing the lime 
on the surface 
of the char- 
coal. 



(8) 

Special 

reactions. 



Gives the 
sul phur ic 
acid -reaction. 



With micro- 
cosmic salt and 
oxide of cop- 
per ^ves the 
chlorme-reac- 
tion (p. 88). 
With micro- 
cosmic salt in 
the open tube 
evolves fluo- 
rine (p. 86). 
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BEHAVIOUK OF MINERALS 



LIME. (C< 



Mineral. 



Pharmacolite 



Formula. 



Ca82A804 

+ H3 A8O4 

+ 5Aq. 



Calcapar - 



CaCo, 



Fluorspar - 



C^F, 



Behayiour 



r 



in glass-bulb. 




Gives off wa- 
ter, and emits 
an arsenical 
odor. 



Turns white 

and sometimes 

decrepitates. 

Strongly 
heated loses 
CO2 and be- 
comes caustic. 



Phosphoresces 
with yarious 
colors when 
heated in the 
dark. Some- 
times decrepi- 
tates andgiyes 
.a trace of wa- 
ter. Becomes 
opalescent. 

Most of the above minerals contain occasionally 
magnesia and manganese as impurities in variable 
portions. Calcspar especially may contain a large 
centage of these oxides, passing gradually into Dole 
on the one hand, and into Siderite and JDiallogite 01 
other. Fluorspar contains occasionally minute quani 
of phosphoric acid and chlorine. 

Among the more important minerals of lime 
Anhydrite (Ca SO4), "whicn. behaves in all respects 
Sjpsum, except that being anhydTo\]La \\. eiv^^«& \v\.h 
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pages 116 and 117.) 



Behayiour 




I 



'uses to a 
islucent 
i- colored 
ytiie color 
due to 
t. Colors 
lame blue 
jTst, then 
ttly red. 

V. 

n bril- 
hr, color- 
me flame 

Becomes 
tie and 
\sfWB a 
ig alka- 

reaction. 



cm char- 
Colors 
lame red. 



Disso lyes 
readily to a 
bead strongly 
colored by 
cobalt, whicn 
obscures the 
lime -reaction. 



Dissolyeswith 
eyolution of 
CO2 and when 
pure giyes the 
lime-reaction. 
The bead is 
generally more 
or less colored 
by iron and 
manganese. 

Giyes the 
lime-reaction. 



As in borax. 



As in borax. 



As in borax. 



^ 



with car 



b.soda. 



Fuses and 
emits As. 
The alkali is 
then absorbed 
by the char- 
coal as in the 
preceding. 



Fuses and be- 

hayes as other 

lime-salts. 



Fuses to a 
clear bead, 
opaque on 
cooling. "With 
an addition of 
the alkali be- 
hayes as lime. 



(8) 

Special 

reactions. 



Dissolyeswith 
efferyescence 
cold HCl. 



m 



"With micro- 
cosmic salt in 
open tube 
giyes the fluo- 
rine reaction 
(p. 86). 



no water in the glass-bulb ; Arragonite, which behaves 
as calcspar, and sometimes gives indications of strontia 
and lead (Plumbocalcite), and Dolomite or Bitterspar 
(Ca CO3 + xMg CO3), which differs from calcspar in 
being insoluble in cold hydrochloric acid but soluble in 
warm acid. 

For the blowpipe characters of Polyhalite see potash ; 
for Glauberite, soda ; for Barytocalcite, baryta ; and for 
Scheelite, tungsten. For WoUastonite, 'D«k\ko\\\^, ^\5i. ^^^ 
the ailicates. 
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BEHAVIOUR OF MINERALS 



MAGNESIA. 

(Bebaylour in borax and miorocosmic salt see Table I. With cobalt 

solution p. 91.) 

The most distinctive reaction of magnesia is the flesh- 
tint which it assumes when moistened with nitrate of co- 
balt and strongly heated upon charcoal When, on ac- 
count of the presence of metallic oxides, this test becomes 
inapplicable, in order to establish the presence of magnesia^ 







s 


Behaviour 


Mineral. 


Formida. 


' (1) 


(2) 


(3) 






in glass-bulb. 


in open tube. 


on char 


Brucite - - 


Mg Ha O2 


Evolves water. 


— 


— 


Epsomite - - 


MgS04 4-7Aq. 


Evolves water, 
having an 
acid reaction 
on test paper. 


— 


Gives ofl 
and 8 
shines 
liantlyai 
comes all 
andean 


Boracite - - 

/ 


Mg3 Bg 0i5 

1 


Occasionally 

gives off a 

trace of 

water. 


I 


Fuses 

intumen 

to a ' 

crystal 

bead 



\ 
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recourse must be had to a wet analysis, siuce the negative 
character (which it possesses in comiiion with alumina and 
the rarer earths, glucina, yttria, etc.) of imparting no color 
to tlie blowpipe-flame, is scarcely sufficiently indicative; 
and its behaviour in borax and microcosmic salt, and with 
carbonate of soda on charcoal, exactly resembles that of 
lime. The principal magnesian minerals are however 
easy to recognise by their physical characters, and on 
these the student must principally rely. 



Behaviour 



(4) 
forceps. 



V. 

on char- 
eoaL 



(6) 
in borax. 



Behaves as 

magnesia. 

Sometimes 

^YCB a faint 

iron- reaction. 

Behaves as 
magnesia. 



I. Fuses easily to 

on char- a clear bead 

Colors i which is crys- 

flame talline when 

containing 

much of we 

mineral, and 

is usually 

slightly tinted 

oy iron. 



green 



/ 



^ 



(6) j (7) 

in mic. salt. , with carb. soda. 



As in borax. 



As in borax. 



As in borax. 



/ 



Behayes as 

magnesia 
(see above). 



The alkali is 
absorbed, 
leaving the 
magnesia on 
the surface of 
the charcoal. 
Gives the sul- 
phur-reaction 
on silver. 



With a small 
quantity of al- 
kali fuses to 
a clear bead 
crystalline on 
cooling. With 
a larger quan- 
tity gives a 
clear uncrys- 
tallisabkbead. 



(8) 

Special 

reactions. 



With nitrate 
of cobalt 
gives the mag- 
nesia-reaction. 

The ma^e- 
sian residue 
obtained on 
treating with 
carbonate of 
soda (7) as- 
sumes a flesh- 
tint when 
treated with 
cobalt. 



I 



\ 
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BEHAVIOUB OP MINERALS 



MAGNESIA. (Continua^ 





Formula. 

* 


Behayionr 


Mineral. 


(I) 

in glass-bulb. 


(2) 
in open tube. 


(3) 
on chare 


Magnesite - 
Mesitine spar 

• 


MgCOs 
(MgPeMn) COs 


Sometimes 

gives off a 

small quantity 

of water. 

As magnesite. 


— 


Is infat 
With CO 
solution 
sumesaci 
flesh tL 

Is infof 
Assumes 
deep b] 
color 



The magnesian minerals above enumerated frequently 
contain small quantities of lime, iron and manganese, of 
which the two latter may be detected by the color they 
impart to the borax bead. Brucite also occasionally ix>n- 
tains a small quantity of carbonic acid and magnesite of 
sulphuric acid. 

Other magnesian minerals of less importance are 
Periclase (Mg 0), which behaves as Brucite, except that 
in the glass-bulb no water is evolved; Hydromagnesite, 
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iges 120 aad 121.) 





Behayionr 


(4) 


(6) 


(6) 


forceps. 


in borax. 


in mic. salt. 


V. 


Behaves as 

magnesia. 

Sometimes 

gives a slight 

iron- reaction. 


As in borax. 


V. 


Gives theiron- 
and mangan- 
' ese reaction. 


As in borax. 



A 



(7) 
with carb. soda. 



Fuses to a 
bead, the soda 
is then ab- 
sorbed, leav- 
ing an infusi- 
ble mass of 
magnesia. 



As magnesite, 
but the resi- 
dual mass has 
a dark color 
from iron and 
manganese. 



(8) 

Special 

reactions. 



The ma^e- 
sian residue 
obtained by 
fusing with 
carbonate of 
soda gives the 
ma^esian-re- 
action with 
nitrate of co- 
balt. — Dis- 
solves with 
effervescence 
in warm H CI. 

Dissolves with 
effervescence 
in warm H CI. 
With carbo- 
nate of soda 
and nitre gives 
a manganese- 
reaction. 



which resembles MagDesite in its reactions, but gives 
off a considerable quantity of water in the glass-bulb ; 
Wagnerite (Mgs 2PO4 + MgFj), which" is characterised 
by imparting a green color to the blowpipe-flame when 
moistened with sulphuric acid, and by corroding the glass- 
tube when fused with microcosmic salt as described at 
page 86. 

For Dolomite see Hme, for Polyhalite see potash, for 
Spinel and Lazulite see alumina. 
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BEHAVIOUE OF MINERALS 



ALUMINA. 

(BehaTiour in borax and microeosmic salt see Table I. vnth cobalt 

solution p. 91.) 

Under the blowpipe-flame, alumina is distinguished 
from the other earths by its property of assuming a 
beautiful blue color, when moistened with nitrate of co- 



Mineral. 



Sapphire j 
Corundum > 
Emery ) 



Websterite - 



Native Alum 



Formula. 



AljOj 



Al^SOj+OAq 



RS04-I- 

AI2 3604-f 

24 Aq. 



Behaviour 



r 



(1) 
in glass-bulb. 



GivesofNvater, 
and, when 
heated to in- 
cipient red- 
ness, sulphu- 
rous acid. 



Intumesces 
greatly and 
gives off much 
water. Strongly 
heated evolves 
S03, which 
reddens lit- 
mus. 



(2) 
in open tube. 



(3) 
on charo 



Gives off 
ter and I 
leaving ai 
fusible n 



Intumefl 

and be» 

infosib] 
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bait and strongly heated upon charcoal As iu the case 
of magnesia, this test becomes inapplicable when colored 
metallic oxides, as those of iron, manganese, etc., are pre- 
sent, in which case recourse must be had to the wet way 
to distinguish alumina from those earths which, like it, 
impart no color to the blowpipe-flame. 



Behaviour 



(4) 
orceps. 



V. 



V. 



V. 

ors the 
8 violet 
a potash 
I, yellow 
soda be 
resent. 



(6) 
in borax. 



In fine powder 

dissoives 
slowly to a 
colorless glass. 



Behaves as 
alumina. 



Dissolves and 
gives the iron- 
and manga- 
nese-reaction, 
if these oxides 
be present. 
Otherwise the 
bead is color- 
less. 



(6) \ (7)^ 

in mic. salt, with carb.soda. 



As in borax. 



As in borax. 



As in borax. 



Yields an in- 
fusible mass, 
which laid on 
silver and 
moistenedpro- 
duces a black 
stain. 



(8) 

Special 

reactions. 



The alkali is 
absorbed into 
the charcoal, 
leaving an in- 
fusible mass, 
which gives 
the sulphur- 
reaction on 
silver. 



In fine powder 

moistened 
with cobalt- 
solution and 
heated as- 
sumes a blue 
color. 



Fused with 
potash in pla- 
tinum has no 
action on sil- 
ver (p. 86). 
Cobalt - solu- 
tion produces 
the alumina- 
reaction. 



Ifnotcontain* 
ing much iron 
or manganese, 
gives an alu- 
mina-reaction 
with nitrate of 
cobalt. In 
other respects 
as the pre- 
ceding. 
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BEHAVIOUB OF MINERALS 



ALUMINA. (Contiiraati 



Mineral. 



Turquoise 



Spinel - - 



Formula. 



Behayiour 




Wavellite - - 



Altf P2 On 
+ 6Aq. 



AI22PO4 

+ AIH3OS 

+ 6Aq. 



Evolves water, 
occasionally 
decrepitates 

and turns 
black. 



Evolves water 
and some 
fluorine,which 
attacks the 



R" Ala O4 



(2) 
in open tobe. 



(3) 
on chain 



Turns hrc 

but ren 

infosibl 



Exfoliatei 
turns wi 



Of the above-mentioned minerals, two, viz. native 
Alum and Spinel, are exceedingly variable in their com- 
position. In the former the element R may be repre- 
sented by one or more of the following isomorphons bases, 
viz. potash, soda, ammonia, magnesia, protoxide of manga- 
nese and protoxide of iron, which may be present in any 
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ages 124 and 125.) 



Behayiour 



forceps. 



V. 

on cliar- 

GolOTS 

outer 
e green. 



V. 

on char- 
Colors 
outer 
9 green, 
nally if 
benedwith 
SO3. 

V. 



(6) 
m borax. 



(«) 

in mic. salt. 



In the oxidis- 
ing flamegives 
a green bead, 
due to copper 
and iron. In 
reducing flame 
opaque-red. 



As alumina. 
Generally 
gives also a 
slight iron-re- 
action. 



~N 



(r) 

with carb. soda. 



As in borax. 



As in borax. 



Intumesces ; 
then fuses to 
a semi-clear 

glass colored 
y iron. With 
more alkali 
yields an in- 
fusible mass. 

Forms an in- 
fusible white 
mass. 



(8) 

Special 

reactions. 



Gives the 
phosphoric- 
acid reaction 
(p. 94). 



Gives a slight 
iron-reaction. 



As in borax. 



With nitrate 
of cobalt gives 
the alumina- 
reaction. 
With nitre 
and carbonate 
of soda a slight 
manganese-re- 
action. 



relative proportions. The most common and best known 
of the varieties of alum is potash-alum, but this, in the na- 
tive state, always contains more or less iron and generally 
some soda. The general behaviour of the alum before 
the blowpipe is that given in the table with certain mo- 
difications according to the presence or absence of the 



Fusespartially 
and forms a 
porous mass. 



With cobalt- 
solution on 
charcoal gives 
the alumina- 
reaction. 
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various bases just enumerated. In Spinel, in the same 
manner, B, although generally consisting principally of 
magnesia, may be represented to any extent by other 
bases, e.g. by zinc in the variety Automolite, by iron in 
Hercinite, and by lime, manganese and copper in smaller 
proportions. In AutomoHte the presence of zinc is easily 
recognised by its affording a white incrustation of the 
oxide of that metal, when fused with carbonate of soda 
upon charcoal (see p. 27). The oxide of copper in 
the variety Chlorospinel is also readily detected by its 
characteristic reaction in microcosmic salt. 

Besides the minerals just enumerated the following 
are important: Diaspore (Kg Al2 O4), which behaves as 
corundum, but gives off a considerable quantity of water, 
when heated in the glass-tube ; Alunite (K2 SO4 + AI2 
3 SO4 + 2 AI2 He Oe), which in the glass-bulb decrepitates, 
and gives off water and sulphate of ammonia ; on charcoal 
shrinks up, but does not fuse, and in microcosmic salt 
leaves a siliceous skeleton, but behaves in other respects 
similar to alum ; Lazulite (Alj 2PO4 + R''H2 O2), being 
represented by magnesia, lime and iron, which in the 
glass-bulb gives off water and loses color, on charcoal 
intumesces, but does not fuse, in the forceps colors the 
flame green, and moistened with cobalt-solution gives the 
alumina-reaction; Childrenite, a phosphate of iron, man- 
ganese and alumina, which in the glass-bulb gives off 
water, in borax and microcosmic salt gives the iron- and 
manganese-reactions, and in the forceps froths up, colors 
the outer flame bluish-green, and is somewhat fused on 
the edges. 

For Cryolite see soda. 



BEFORE THE BLOWPIPE. 129 

SILICA. 

(Behavioar in borax and microcosmic salt see Table I. In carbonate of 

soda p. 75.) 

Silica minerals, i.e. minerals consisting entirely or 
almost entirely of silica, are readily distinguished for the 
most part by their mineralogical characters. They are 
divided into two species, the hydrous and the anhydrous, 
the former comprising the different varieties of opal, as : 
precious-opal, common-opal, semi -opal, wood-opal. Mullet's 
glass or Hyalite, and the earthy varieties Cacholong and 
siliceous sinter; and the latter the varieties of Quartz, 
as : Rock crystal, Amethyst, Prase, Cat's-eye, Aventurine, 
Homstone, Jasper, Chalcedony and Chrysoprase. The 
varieties of silica are characterised under the blowpipe by 
their infusibility, their insolubility in microcosmic salt, 
and by fusing with c^arbonate of soda to a clear glass, which 
remains transparent on cooling. The hydrous varieties 
are distinguished from the anhydrous by giving off water, 
when heated to redness in a tube sealed at one end. In 
borax the pure varieties dissolve slowly to a clear glass ; 
the impure also dissolve and color the borax generally 
more or less strongly with iron or some other metallic 
oxide. Alumina and lime are also frequently present in 
minute proportions, and may be detected by the wet way. 
Nickel is present in the green anhydrous variety Chloro- 
pbane. 
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SILICATES. 
(Behaviour in forceps see page 42, with carbonate of soda page 76.) 

The large and important group of minerals which 
consist essentially of silica in combination with the earthy 
bases, lime, magnesia and alumina, are with a few ex- 
ceptions those which afford the least satisfactory results 
under the blowpipe. Since a very large number of them 
differ from one another, not in the nature, but solely in 
the relative proportions of their components, either a 
quantitative analysis or a thorough knowledge of their 
physical characters is necessary to enable the student to 
draw any certain conclusions as to species; and a blow- 
pipe examination can do little more than, by affording a 
knowledge of the fusibility of a mineral silicate, of its be- 
haviour with carbonate of soda, and of the presence or 
absence of water, place it by the side of some twenty 
others which more or less resemble it in these characters, 
and from which it is to be distinguished only by analysis 
or by its physical characters. Some few silicates contain 
more or less fluorine, chlorine, or boracic acid, and with 
regard to these more definite conclusions may be fre- 
quently arrived at by means of the blowpipe. Lithia and 
chromium, which also occur in comparatively but few sili- 
cates, are likewise characteristic. But the rare earthy bases, 
zirconia, yttria, glucina, etc., afford no distinctive reactions 
under the blowpipe, and a wet analysis is requisite in 
order to detect their presence. Iron and manganese oc- 
cur frequently in the earthy silicates replacing lime, mag- 
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nesia and alumina, or as essential constituents, so that 
from their presence no definite conclusions can be drawn 
as to species. 

The presence of silica in a mineral can easily be 
ascertained by treating a small fragment in a bead of 
micro^smic salt. The bases will dissolve out with more 
or less difficulty in the salt, and the silica being insoluble 
will remam suspended in the bead, retaining the original 
form of the fragment. In borax the sihcates of lime and 
magnesia generally dissolve with considerable ease, but 
those of alumina slowly and with difficulty. The silicates 
of lime are moreover frequently characterized by intu- 
mescence or ebullition, when heated in the forceps in the 
blowpipe flame. The minerals presenting this character 
are marked in the table. As the most convenient mode 
of classifying the silicates for blowpipe examination, the 
following arrangement will be adopted : — 

L Anliydrous Silicates. 
II. Hydrous Silicates. Fusibility I. to V. 

a. Affi)rd a fluid bead with carbonate of soda. 

b. Affi>rd a fluid bead with but little of that salt, 

but with a larger quantity a slaggy mass. 

c. Affi)rd a slaggy mass only. 

This classification of minerals according to their fusi- 
bility and their behaviour with carbonate of soda was 
originally proposed by Berzdius, and a table of the principal 
oxidised minerals arranged according to these characters 
is given in his handbook of the blowpipe, and thence 
adopted with some alterations by Plattner in the very 
excellent and detailed work already many times cited. In 
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the following general table I. the more important silicat 
only are included, and in table II. are enumerated in alpt 
betical order those which afford characteristic reactions. 

TABLE I. 

Anhydrous. 



Fus. alone 
and with 
Na2 CO3. 



I. a. 



Mineral. 



c. 



Axinite 



Elaeolite 



Gurnet 



Oligoclase - 
Scapolite - 



Asbestos to II. 



Augite - - 
Epidote - - 

Homblende- 



Sodalite- - - 
Vesuvian - - 

Biaxial Mica - 



Formula. 



6 (Ca Mg)2 Si04 + 4 (Al, Mb 
Fe)4 3 Si04+B4 3 Si04 



2 (KgNaj), Si04+2 AL 3 SiO 
+ Si0a 

3 (Fe, Mn, Mg, Ca)2 Si04 
+ (Al, Fe)4 3 Si04 

(Ca, Naj)^ Si04+Al4 3 SiO* 
+ 6 SiOa 



3 (Ca, Na2)2 Si04+2 AI4 3 SiO 
' ^ +3 SiOa 



Spodnmene- - - . | 3 (L^. Na, Ca) SiOa+i (Al, 



as Hornblende 

(Ca, Mg, Fe, Mn) SiOj 

3 Caa Si04+2 (AI4 3 Si04) 

(Mg, Ca, Fe, Mn) SiOg wit 
some alumina replacing SiO. 

3 (Na4 Si04)+3 (AI4 3 SiO< 
+ 2NaCl 



9 (Ca,Fe)3 Si04+2 (Al^SSiO^ 



V 



_ \ (K^M5)SiO4+(Al,Fe)43Si0 
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)3. 


Mineral. 


Fonnula. 






Hauyne - - . - 


3 [Na4 SiOi + AI4 3 SiOJ + 
4 CaSOi 






Tounnalme to V. - - 


(Mg3, Ca3, Peg, Mng, Kg, Na^, ] 
Fe2,Al2,B2)8 06 9Si(OF2)4 1 


Int. 


I. 


Labradorite- - - - 


(Ca, Na2)2 Si04 + AI4 3 Si04 
+2 SiOa 






Lepidolite - - - - 


2 [(Ke Li<j Mna Al2)2 3 Si04] 
+3 Si02 






Khyacolite - - - - 


K2 Si04+Al4 3 Si04+8 SiOz 




1. 


Augite 


See above 






Actinolite - - - - 


See Hornblende 


Int. 




Diopside . - * - 


See Augite 






TTnmboldtilite - - - 


f 6 (Ca, Mg, Na2)2 Si04+Al4 
[ 3 Si04 






Sahlite 


See Augite 






Tremolite - - - - 


As Hornblende without alumina 


Int. 




Pyrope 


3 (Mg Ca Fe)2 Si04+(A1, Cr)4 
3Si04 




I. 


Anorthite - - - - 


Ca2 Si04+Al4 3 Si04 






Nepheline - - - - 


See Elseolite 






Obsidian - - - - 


Indefinite, Si02, Al26a, Fe203, ] 
FeO,CaO,Na20,K20 J 


Int. 




Orthoclase - - - - 


As Rbyacolite 






PetaUte 


3 (Li2Na2)2 Si04+4 AI4 3 Si04 
! +6 SiOa 


i 
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FnB. alone 
and with 
Na2 CO3. 



Mineral. 



Formula. 



III. a. 



b. 



c. 

rv. a. 

b. 



c. 

V. a. 

b. 



Pumice 



Gadolinite to V. 



Nephrite 



Beryl - - 
Diallage- ^ 
Hypersthene 
Fuchsite- - 
Leucite - - 
Chondrodite 
Olivine - - 
Andalusite - 
Kyanite 
Pycnite - - 
Topaz - - 
Zircon - - 



Staurolite - 



Indefinite, SiOs, AI2O3, I 
CaO, Na20, K2O, H2C 



Apparently variable, SiOj 
CeO, FeO, BeO 

As Hornblende, with littl( 
' I alumina 



Wollastonite - - - 
lolite 



Ca SiOa 

f (Mff, Fe)2 Si04 + AI4 J 
+2 Si02 



3 Be Si03+Al2 3 SiO, 
As Hornblende, with All 
(Mg, Fe) SiOs 
As Muscovite, containing 
K4Si04+Al4 3Si04+4i 
MggOa 3 Si(0F2)4 
(Mg, Fe,)2 Si04 
- AlsO, SiOi 
As Andalusite 



AlsF, Si04 



Zr2Si04 



(He, Mg3, Fes, AI2, Fe 
• ^ 3 SiOi 
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H y d 1 a s. 



Analcime - 
ApophjUitfl 



Chabasite ■ 
Lapia Lazuli 
LaiLmonite - 
Meeotype 
Natrolite 
Piehnite- 



- Nas SiOa+Alj 3 8iOj+3 Aq 

- (Hi, Ca, Kj) SiO,+H, BiOs 

[2H2+(Br8r)]3SiOs + Als j 
" I 3 8i03+3 Aq ' 



Oj+Al] 3 Si03+4 Aq 



I,Si0i+2 Cfi3aiOi+Al43Si04 I 



TlioniBonite 

Dtthalite - 
Henlandite - 

StilUta - - 
Okenite- - 



35+2 Ca+Bj) Oj 2 SiO. 



|C»SiO,+HsSiOj+Aq 
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Fus. alone 
and with 
Naa CO3. 


Mineral. 


Formula. 




I. b. 


Pectolite - - - - 


6 (Ca, Naa) SiOa+HzSiOa 




c. 


Saponite .... 


Indefinite, SiOa, AlaOa, Fe203, 
MgO, CaO, H2O 




II. a. 


Antrimolite - ... 


As Mesotype 






Harmotome- ... 


HaSiOa + BaSiOa+Alz 3 SiOg 
-HAq 




b. 


Brevicite - - . - 


As Natrolite 






Orthite j 


3 (Ce, Fe, La, Di, Ca, Mg,H2)2 i 
. Si03+(A1, Fe)2 3 Si03 


I] 


III. c. 


Pitchstone - - - . 


Indefinite, Si02, AI2O3, Fe203, 
CaO,MgO,Na20, H2O 






Talc to V. - - - - 


H2Si03-H Mg SiOs 






Chlorite 


(6 Mg+2 Al) O2 3 SiOi-H Aq 






Pinite 


H4Si04+(K3Ala) 3 SiO* 




IV. a. 


Steatite 


As Talc or Saponite 




c. 


Gilbertite .... 


Indefinite, Si02, AI2O3, FeO, 1 
MgO, CaO, H2O j 


• 
-I 




Meerschaum ... 


H2 Si03+2 Mg SiOa+Aq 






Serpentine .... 


H4 Si04+3 Mg2 Si04+2 Aq 




Y. a. 


Gismondine r ... 


Si02, AI2O3, CaO, K2O, H2O 
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TABLE II. 



Analcime 



Andalusite - 

Apophyllite - 
Axinite - - 



Beryl - - - 

Ohabasite 
Chondrodite 



Chrysoberyl- 



Datholite 

Diallage - 
Fuchsite - 



if transparent becomes white and opaque 
when heated, but on incipient fusion re- 
sumes its transparency and then fuses to 
a clear glass. 

when powdered and treated with cobalt so- 
lution in charcoal, assumes a blue color. 

fuses to a frothy white glass. 

imparts a green color to the blowpipe flame, 
owing to the presence of boracic acid. 
This reaction is especially distinct, if the 
mineral be previously mixed with fluor- 
spar and bisulphate of potash. 

sometimes gives a chromium reaction in bo- 
rax and microcosmic salt. 

fuses to a white enamel. 

evolves fluorine in the glass tube, both when 
heated alone, and with microcosmic salt. 
It sometimes also gives off a trace of water. 

is unattacked by carbonate of soda. With 
nitrate of cobalt on charcoal the finely 
powdered mineral assumes a blue color. 

fuses to a clear glass and colors the flame 
green. 

frequently gives off water in small quantity. 

gives the chromium reaction in borax and 
microcosmic salt. 
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Gadolinite - 



Hauyne - 



Hypersthene 
Kyaiiite - - 
Lapis Lazuli - 



Laumonite - 
Lepidolite - 



Leucite - - 
Meerschaum 



Okenite - - 

Olivine - - 

Pectolite- - 

PetaUte - - 

Prehnite - - 



that from Hitteroe, if heated in a pt 
covered platinum spoon to low r« 
glows suddenly and brilliantly. 

affords the sulphur reaction both on cl 
and when fused with potash. It cc 
both sulphur and sulphuric acid. 

as Diallage. 

as Andalusite. 

fuses to a white glass, and when 1 
with carbonate of soda on charcoal 
the sulphur reaction on silver. 

when strongly heated exfoliates and cu 

colors the blowpipe flame crimson 
lithia, also gives the fluorine reactic 
microcosmic salt. 

some varieties, when treated with 
solution, assume a blue color. 

in the glass-bulb frequently blacker 
evolves an empyreumatic odop- c 
organic matter. When this is bin 
it again becomes white, and if moi 
with nitrate of 6obalt solution and 1 
assimies a pink color. 

behaves as ApophyUite. 

some varieties give off fluorine, wher 
with microcosmic salt. 

similar to ApophyUite. 

imparts a slight crimson color to the 
like Lepidolite. 

as Chabasite. 
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Pycnite - 



Pyrope - - 

Scolezite - - 
Seapolite 



Sodalite - - 



Spodumene - 

StUbite - - 
Topaz - - 

Tourmaline - 
Wollastonite 
Zircon - - 



assumes a blue color, when treated with ni- 
trate of cobalt. Gives the fluorine re- 
action with microcosmic salt. 

gives the chromium reaction with borax and 
microcosmic salt. 

similar to Laumonite, but more marked. 

occasionally contains a small quantity of 
lithia, and colors flame red when fused 
with fluor-spar and bisulphate of potash. 

if mixed with Vs its volume of oxide of 
copper, moistened to make the mixture 
cohere, and a small portion placed upon 
charcoal and heated with the blue oxid- 
laing flame, the outer flame will be colored 
intensely blue from chloride of copper. 

when not too strongly heated, colors the 
blowpipe flame red, when more strongly, 
yellow. 

as Chabasite. 

when heated, remains clear. Otherwise as 
Pycnite. 

gives the boracic acid reaction with fluor- 
spar and bisulphate of potash. 

colors the blowpipe flame faintly red from 
lime. 

the colored varieties become white or co- 
lorless and transparent, when heated. Is 
only slightly attacked by carbonate of 
soda. 
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CEBIUM. 

(BehavioDr in t>orax and microcosmic salt see page 58.) 

The only important mineral of cerium besides Orthite 
(which has already been noticed among the earthy sili- 
cates) is Cerite (Ce, La, Di)2 SiOi + Aq, the blowpipe 
characters of which are as follows : — In the glass-bulb it 
evolves water and becomes opaque; on charcoal and in 
the forceps it is infusible ; in borax and microcosmic salt 
it exhibits the characteristic reactions of the oxide of 
cerium, leaving in the latter case an insoluble skeleton of 
silica ; and with carbonate of soda it forms a semi-fusible 
slaggy mass. In order to detect the lanthantun and 
didymium in cerite, a regular and carefully conducted 
analysis by the wet way is necessary, for the details of 
which see Rob^s "Handbook of Analytical Chemistry." 
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Uranium. 

(Behaviour in borax and microoosmio salt see page 65.) 

In the three principal uranium minerals — viz. Pitch- 
blende, UraniiuQ ochre, and Uranite — the presence of ura- 
nium is sufficiently indicated by the reactions these mine- 
rals afford with borax and microcosmic salt, and which are 
described at page 65. In the case of Chalcohte this uranium 
reaction is concealed by copper, which must therefore 
be removed before the reactions of the uranium can be 
observed. This may be done by reducing the copper upon 
charcoal in the manner described at page 81, after which 
the uranium reactions may be obtained by transferring 
the borax bead from the charcoal to a platinum wire. 
Oxide of uranium is distinguished from oxide of iron by 
the briUiancy of the green color it imparts to microcosmic 
salt in the reducing flame, and by the black color a borax 
bead saturated with this oxide asstunes when submitted 
to an intermittent reducing flame. 

Pitchblende never consists of pure oxide of uranium, 
but always contains more or less of some of the follow- 
ing bodies, viz.: — iron, lead, copper, bismuth, man- 
ganese, cobalt, arsenic, lime, sulphur, silica, carbonic 
acid and water. Of these lead, iron, sulphur, arsenic, 
silica and water are those most constantly present^ and 
the reactions of these have therefore been noticed in the 
following table. The presence of some of the others will 
of course modify the reactions considerably. — As regards 
the other minerals hereafter enumerated, the occasional 
impurities occurring in them are unimportant as affecting 
their behaviour before the blowpipe. 

An uranium mineral which occurs but rarely, and 
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which is therefore not mentioned in the following table, is 
Johannite, a hydrous sulphate of uranium, which in many 
of its reactions resembles Chalcolite, but differs from that 



Mineral. 



Pitchblende - 



Uraninm ochre 



Uranite 



Chalcolite 



Formula. 



U3O4 

essentially. 



(U203)3S03 

+ 14 Aq. 



2 (UgPOs) 

+Cu H2 O2 

+7Aq. 



2(U2P08) 

+Ca H2O2 

+7Aq. 



Behaviour 



r 



in 



(1) 

glass-bnlb. 



Evolves some 
water and a 
small quantity 
of sulphur, 
sulphide of 
arsenic, and 
metallic ar- 
senic. 



Evolves water 

and assumes a 

red color. 



Evolves water 

and becomes 

yellow and 

opaque. 



As uranite. 



(2) 
in open tube. 



Evolves SO2 
and a white 
sublimate of 
arseniousacid. 



on cli 



Gives 
senica 



In 1 
^ flame 
i agret 



Fuses 
intmn 
toabl 
havin 
crys1 

8U 



As v 
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mineral in affording no phosphoric acid reaction, and in pro- 
ducing a black stain upon sHver when fused with carbonate 
of soda and treated in the manner described at page 77. 





Behaviour 




(8) 


-eeps. 


(6) 
in borax. 


(6) 
in mic. salt. 


(7) ^ 
with carb. soda. 


Special 
reactions. 


I. 

I the 
taebe- 
he as- 
ing to 
resence 
Some- 
also 
Dwards 
at, due 

:)u. 


The roasted 

mineral affords 

the uranium 

reaction. 


As borax. Also 
a small resi- 
due of silica. 


Infusible. Af- 
fords the cha- 
racteristic Pb 
incrustation, 
and sometimes 
yields minute 
particles of Cu. 




- 


Giyes the ura- 
nium reaction. 


As in borax. 


t 


— 




In the oxi- 
dising flame 
gives a green 
bead, which 
in the reduc- 
ing flame be- 
comes of an 
opaque red 
from Cu. 


Ah in borax. 


In reducing 

flame jields a 

metallic bead 

of Cu. 


Gives the POg 
reaction(p.94) 


^ 


Gives the ura- 
nium reaction. 


As in borax. 


Forms an in- 
fusible yellow 
slag. 


As uranite. 
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IRON. 

(Behayionr in forceps see p. 60, in borax and mierooosmic salt see 
with carbonate of soda p. 75, special reaction p. 81.) 

Oxide of iron is easily distinguished from other 
tallic oxides by its reactions in borax and microcosmic 
in the oxidising and reducing flames, and by forming 
incrustation upon charc9al when treated with carboua 
soda. It is present in most mineral substances, eithc 
an essential or accidental ingredient, but those onl 
which it forms a principal element are recognised as 



Mineral. 



Iron p}Tite8 - 



Formula. 



FeSo. 



Magnetic ) 
pyrites - ] 



(FeS)5Fe3Sj 



Behavionr 



/^ 



(1) 
in glass-bulb. 



Gives a con- 
siderable yel- 
low sublimate 
of sulphur and 
sometimes 
sulphide of 
arsenic. Also 
HS. 



(2) 
in open tube. 



Sulphurous 
acid and some- s 
times arsen- l 
ious acid are 
evolved. I 
t 



Evolves sul- 
phurous acid. 



I 
n 
b 

t: 

a 

y 
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minerals proper, and as such included in the fc^owing 
tables. The native oxides of iron become more or less 
infusible when treated in the outer oxidising flame, but, 
when heated in the inner blue flame, they become slightly 
fusible and magnetic (see page 42). Most of the silicates 
also fuse and become magnetic when treated on charcoal 
in a similar manner, as likewise do the sulphides and 
arsenides of iron. Of the sulphates, phosphates and 
arseniates, some afford a magnetic bead when fused 
alone on charcoal in the reducing flame, and some when 
similarly treated with carbonate of soda. 



Behayiour 



(*) 

forceps. 



(6) 
in borax. 



(6) 
in mic. salt. 



The roasted 

mineral gives 

a strong iron 

reaction. 



As in borax. 



As iron pyrites. As in borax. 



^ 



(7) 
with carb. soda. 



Fnses to a 
black mass, 
which spreads 
out on char- 
coal and gives 
the sulphur 
reaction on 
silver. 



As iron pyrites. 



(8) 

Special 

reactions. 



Vi 
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IRON. (Ctontinua 



Mineral. 



Mispickel 



Fonnula. 



FeAflg+FeS, 



Magnetic iron 
ore - - - 



Specular iron 
Red haematite 



Gothite 



Fes O4. 



Fe^ O3. 



Fe, H,04. 



Behavionr 



r 



(1) 

in glass-bulb. 



A red subli- 
mate of As Sg 
is first formed 
and then a 
black subli- 
mate of me- 
tallic arsenic. 



Eyolves water 



(2) 
in open tube. 



Sulphurous 
and arsenious 
acids are 
evolved, the 
latter forming 
a white sub- 
limate. 



(8 
on cha 



Gives oi 
arsenic, 
ing a 
incrusi 
and fu 
a nu 
glol 
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iges 144 and 145.) 



Behavioiir 



Tceps. 



(8) 
in borax. 



As iron pyrites. 



e blue 
fuses on 
and re- 
mag- 
rtic. 

V. 

le blue 
is con- 
into 
I, and 
bebaves 
le pre- 
3ing. 

specular 
ron. 



Gives tbe iron 
reaction. 



As magpietic 
iron ore. 



As specular 



iron. 



(6) 
in mic. salt. 



As in borax. 



As in borax. 



As in borax. 



As in borax. 



(7) ' 
with carb. soda. 



(8) 

Special 

reactions. 



As iron pyrites. 



\ 



\ 
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IRON. (Contin 



Mineral. 



Franklinite - 



Ilmenite • 



Formula. 



fFe, Zn, Mn) 
[FegMn,) O4. 



Behayionr 



r 



(1) 
in glass-bnlb. 



Ti,03+Fe,08 



rhnmiic inui- ; Fe, Cr^O^. — 



l4f^\T^1«^ 



(2) 
in open tabe. 






( 
on cbi 



Forms 
incnu 
on ihf 
coal, 
mois 
with 
solntio 
somes 
color (s 



Fuses 
black 
which 
redaci 
beoom 
ne 
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ges 146 and 147.) 



Behaviour 



Rceps. 



V. 

le flame 

medges 

beeomes 



lacing 
laes on 
id be- 
mag- 
c. 



pre- 



«- 



Lacing 
mag- 

LC. 



(6) 
in borax. 



Gives the iron 

and man^n- 

ese reaction. 



Gives the iron 
reaction. 



Dissolves 
slowly and 
gives the 
chromium re- 
action. 



Gives the iron 
reaction. 



(6) 
in mic. salt. 



As in borax. 



In oxidising 
flame exhibite 
the iron reac- 
tion. In re- 
ducing flame 
assumes a deep 
brownish red 
color. 

As in borax. 



Gives the iron 
and silica re- 
actions. 



with carb. soda. 



Affords a con- 
siderab le 
white incrus- 
tation of ZnO. 



On jplatinnm 
foil with nitre 
and carbonate 
of soda affords 
a yellow mass 
of chromate of 
potash. 



Fuses to a Generally 



(8) 

Special 

reactions. 



Gives a strong 
manganese 
reaction with 
nitre and car- 
bonate of soda 
(see page 81). 



black opaque 
bead. 



gives the 
manganese 
reaction with 
nitre and car- 
bonate of soda. 
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I BON. (CJontiu 



Mineral. 



Chloropal - 



Green earth - 



Siderite 



Formula. 



2(Fea3SiO,) 
-f 9 Aq. 



Behaviour 



r 



(1) 

in glass-bulb. 



Decrepitates 
more or less, 
gives off much 
water and 
turns black. 



Si 0„ Fe 0, Givesoffwater 

Alg O3, Na^ 0, and becomes 

K3O, HjO. darker in 

color. 



FeCO, 



Occasionally 

decrepitates. 

Gives off CO3 

and turns 

black and 

magnetic. 



(2) 
in open tube. 



( 

on ch 



As in 
bi 
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ages 148 and 149.) 



Behaviour 




• (6) 
in mic. salt. 



V. 

68 color 
1 turns 
black. 



Gives the iron Gives the iron 
reaction. I and silica 
reactions. 



V. 

reducing 
ae fuses 
edges, and 
ors the 
er flame 
ow(Na,0) 
ioletCKjO) 

laves simi- 
J to the 



As the pre- 
ceding. 



^ 



(7) 
with carb. soda. 



As the pre- 
ceding. 



Gives the iron 
and sometimes 
gne t i c I manganese 



As in borax. 



oxide. 



reaction. 



Fuses to a 
transparent 
green glass. 



(8) 

Special 

reactions. 



Forms a 
slaggy mass. 



Behaves as an In acid dis- 
oxide. With] solves with 

nitre and car- effervescence. 

I 

bonate of soda 
on platinum 
generally gives 
the manganese 
reaction. 



\ 
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IRON. (Conti 



Mineral. 



Copperas - 



Formula. 



BehaTiour 



r" 



Fe SO4+7 Aq. 



Vivianite - 



Triphylite. 



Fes 2 PO4 
+ 8Aq. 



(Fe,Mn,Li,)3 
2PO4 



(1) 
in glass-bulb. 



Gives off water, 
and, when 
strongly heat- 
ed, SOg and 
H.S04, which 
redden litmus 
paper. 



(2) 
in open tube. 



Gives off 
water. 



Gives off water 
having an al- 
kaline reac- 
tion, and as- 
sumes a me- 
tallic lustre 
resembling 
graphite. 



Evolves water 

and SOs, 

which may be 

recognisea by 

ite odor. 



on c 



Loses 

and I 

is c 

into 



Froti 
then* 



Fuse 
to ; 
magi 
with 
Uc 
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153 



res 150 and 151.) 



Behaviour 


(8) 


*) 


(6) 


(6) 


(7) 


Special 
reactions. 


•rceps. 


in borax. 


in mic. salt. 


with carb. soda. 




)ffHaO 


The roasted 


A 8 in borax. 


Forms sul- 


If diRsolved 


0,, and 
behaves 


mineral affords 




phide of so- 
dium and 


in water, and 


an iron reac- 




a strip of 
silverfoil be 


) mag- 


tion. 




oxide of iron. 


oxide. 






The former 
is absorbed 
into the char- 
coal, and if 
cut out and 
laid upon 
silver and 
moistened 
gives the 
S- reaction. 


introduced 
into the solu- 
tion, the me- 
tal remains 
untarnished 
(see p. 85). 


I char- 


Gives the iron 


As in borax. 


In reducing 




Singes 


reaction. 




flame becomes 




green 






magnetic and 




Ps). 






fuses to a 

black slaggy 

mass. 




[. 


Gives the iron 


Gives the iron 


Forms an in- 


Gives the 


latinum 


and mangan- 


reaction,which 


fusible porous 


manganese 


iloTsthe 


ese reactions. 


overpowers 


mass, which 


reaction with 


• 

cnm- 




that of the 


under the re- 


nitre and car- 


LO)and 
(PaOj), 




manganese. 


ducing flame 


bonate of soda 






becomes mag- 


on platinum 
foil. 


Is the 






netic. 


asestoa 




• 














\ 
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BEHAVIOUB OF MINEEALS 



IRON. (Continua 





Formula. 


Behaviour 


Mineral. 


in glasR-bulb. 


(2) 
in open tube. 


(3) 
on char 


Scorodite - - 
Cube ore - - 


Fe2 2 A8O4 
.+ 4 Aq. 

3(Fe2 2As04) 

+ /e,H30e 

+ 12 Aq. 


Evolves water 

Evolves much 
water. 


Gives off water 
and AsOs. 

As the pre- 
ceding. 

1 


Emits ar 
al f nma 
in the i 
ing 1 
fuses i 
magnetic 
having 1 
tallic In 

As the 
cedii 



The arsenides and sulphides of iron occasionally con- 
tain small quantities of cobalt and nickeL In iron pyrites 
copper is also occasionally present. The native oxides, as 
well as the silicates and some other iron minerals, gene- 
rally contain more or less manganese, and the silicates, 
carbonates and sulphates also frequently contain a certain 
proportion of magnesia and lime. Spathic iron (siderite) 
indeed passes by insensible gradations on the one hand 
into carbonate of manganese,^ on the other into dole 
mite and calc-spar. 

Besides the minerals enumerated in the above table, 
the following are of importance: — Leucopyrite (Fe As), 
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piges 152 and 153.) 



Behaviour 



w 



L 
Ljon char- 
L Colors 
liter flame 



tile pre- 
ttdmg. 



(«) 

in borax. 




The roasted 
mineral gives 
an iron re- 
action. 



As the pre- 
ceding. 



As in borax. 



As in borax. 



As alone on 
charcoal 



As the pre- 
ceding. 



(8) 

Special 

reactions. 



Gives the ar- 
senic reactions 
(see p. 92). 



As the pre- 
ceding. 



which behaves somewhat similarly to mispickel, except 
that containing but a small quantity of sulphur, a consi- 
derable sublimate of metallic arsenic is formed from it in 
the glass-bulb, and in the open tube it evolves but little 
SO, : — Brown hsematite or Limonite (Fe4 H3 O9), which 
behaves as g5thite, and differs from that mineral solely in 
the relative proportions of the iron and water: — Iserine, 
Fe (Fe, Ti^) O4, which behaves as Ilmenite : — Cronstedite, 
Hisingerite, and Crocidolite, hydrous silicates of iron, con- 
taining more or less magnesia and lime. Crocidolite also 
contains about 7 Vo of soda, and therefore imparts a yellow 
color to the blowpipe flame. Before the blowpipe these 
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silicates behave in a similar manner to Chloropal, with the 
exception that the fusibility of Crocidolite is II., that of 
Cronstedite III., and that of Hisingerite IV. — Pitticite 
and Diodochite, the former an amorphous arsenio-sulphate, 
the latter a phosphato-sulphate of iron, and both contain- 
ing a considerable quantity of •water : — and Pyrosmalite, 
a hydrous chloro-silicate of iron, which is characterised by 
giving off a yellow chloride of iron when strongly heated 
in the glass-bulb, and by affording the various chlorine 
reactions detailed at page 88. 



MANGANESE. 

(Behaviour in borax and microcosmic salt see p. 59, with nitre and 

carbonate of soda p. 81.) 

By the reactions of oxide of manganese in borax and 
microcosmic salt, and by the characteristic green color it 
produces when fused with nitre and carbonate of soda, this 
oxide may at all times be detected in mineral substances, 
even when present in very small quantity only. The ame- 
thystine color it imparts to borax, and which disappears 
in the reducing flame, is very characteristic, when no other 
powerAilly coloring oxide is present : but if cobalt be pre- 
sent, or even iron in lai^e quantity, the other process 
must be resorted to for its detection. 

Of the following minerals Rhodonite contains from 2 
to 13Vo of lime, and generally a certain proportion of 
iron, which, if in sufficient quantity, renders the mineral 
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magnetic when fused in the blue flame. Diallogite con- 
tains carbonate of iron, carbonate of lime and carbonate of 
magnesia in variable proportion, and according to the per- 
centage of these salts passes into siderite and dolomite. 

Beeddes the manganese minerals afterwards mentioned, 
the following are important : of oxides, Hausmannite 
(MnsOi) and Braunite (Mn^ O3), which behave before the 
blowpipe in a similar manner to Manganite, but give less 
water; Polianite, which resembles Pyrolusite in its re- 
actions and is probably merely a variety of that mineral, 
and Crednerite, (Ba, Cu,)3 Mm Og, which is characterised 
by affording a mixed manganese and copper reaction with 
borax and microcosmic salt, and a bead of metallic copper 
when treated with the reducing flame upon charcoal ; of 
carbonates, Manganocalcite, which differs from Diallogite 
principally in its form of crystallization, and possesses the 
same blowpipe characters as that mineral 

Of other manganese minerals, Franklinite and Triphy- 
lite are desc^ribed under Iron (p. 144), and such polybasic 
silicates as manganesian garnet and manganesian epidote 
are included as varieties of garnet, epidote, etc., in the 
table of the earthy and alkaline silicates given at p. 132. 
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BEHAVIOUR OF MINERALS 



MANGANESE. (Contin 



Mineral. 



Manganblende 



Pyrolusite - 



Manganite 



PsOomelane - 



Formula. 



MnS. 



MnO. 



Mna Hj O4 



(Ba, Mn, K^ 

MnOj+Mn^O 

+nAq. 



Behayiour 



(1) 

in glass-bulb. 



(2) 
in open tnbe. 



on cli 



8 



Frequently 
giyes off a 
small qnantity 
of water, and, 
when strongly 
heated, oxy- 
gen. 

Gives off much 
water. 



Gives off water, 
and, when 
strongly heat- 
ed, oxygen. 



\ 



Gives off S O2 

and becomes 

greyish green 

on surface. 



\ 



Is 8 

roaster 

convei 

01 
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;e8 156 and 157.) 



Behayiour 



) 

ceps. 



(«) 

in borax. 



iates 
lily. 



flame 

green 

and red 

\b the 

(CaO). 



The roasted 
mineral giyes 
a strong man- 
ganese reac- 
tion. 



GiTes the 

manganese 

reaction. 



As the pre- 
ceding. 



(«) 

in mic. salt. 



In the un- 
roasted state 
dissolves with 
much ebulli- 
tion and de- 
tonation due 
to the elimi- 
nation of sul- 
phide of phos- 
phorus. The 
Dead then 
exhibits tiie 
characteristic 
violet color of 
muiganese. 



As in borax. 



As in borax. 



As pyrolusite. ' As in borax. 



with carb. soda. 



Forms a slangy 
mass, which 
laid on silver 
and moistened, 
gives the snl- 
phui: reaction. 



Formsaslaggy 
mass. 



As the pre- 
ceding. 



As pyrolusite. 



(8) 

Special 
reactions. 



leo 



BEHAVIOUR OF MINEEALS 



MANGANESE. (Continn 



MineraL 



Rhodonite - 



Diallogite • 



Triplite 



Formula. 



Wad - - - 



MnO-,MnO, 

H,0 

also 
Fe,0„ A1,0„ 
Ba 0, Cu 0, 
PbOa.SiO.etc. 



MnSiO. 



MnCo 



8* 



(Mn Fe). 

2P0, + (ea, 

Mg, Fe) F. 



Behayiour 



r 



(1) 
in glass-bulb. 



Gives off 
water. 



Giyes off more 
or less water. 



Frequently 

decrepitates 

and gives off 

more or less 

water. 



Generally 
gives off more 
or less water. 



(2) 
in open tube. 



(3 
on cha 



Under a 

flame fa 

brown < 

bes 



If Btr 
heatec 
moisten 
an 9k\\ 
reactii 
litmus 
due to t' 
sence oi 



\ 
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ages 158 and 159.) 



BehaTiour 



orceps. 



V. 

8 flame 
isly ac- 
ig to its 
odtion. 



I. 

char- 



lently 
B the 
■Ughtly 
9d. 



r. 

•8 the 
blow- 
flame 



(6) 
in borax. 



Gives the 
manganese 
reaction more 
or less modi- 
fied by the 
presence of 
other oxides. 



In the oxidis- 
ing flamegiyes 
themanganese 
reaction. In 
reducing flame 
the iron re- 
action more or 
less intense. 



Giyes the 

manganese 
and iron re- 
actions. 



Gives the 

manganese 
and iron re- 
actions. 



(6) 
in mic. salt. 



with carb. soda. 



As in borax. 



As pyrolusite. 



As in bor&Xy 
but leaves an 
insoluble sili- 
ceous skeleton. 



As 



With a small 
quantity of 
tne alkali fuses 
to a black 
bead. With a 
larger quantity 
forms a slag. 



in borax. Forms an in- 
fusible slag. 



As in borax. Forms an in- 
fusible mass. 



(8) 

Special 

reactions. 



Various ac- 

according to 

composition. 




heated anc 
then moisten- 
ed has an al- 
kaline reaction 
on red litmus 
paper. 



In warm acid 
dissolves with 
much efferve- 
scence. 



\\ 
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CHROMIUM. 
(BehATionr in borax and miorocosmio aalt 8^ p. 74.) 

The oxide of chromium is readily detected in its mi- 
nerals by the very characteristic green color it imparts to 
borax and microcosmic salt, more especially in the peduc- 
ing flame. The only important mineral of chromiimi be- 
sides those enumerated below, and which are described in 
. other parts of this work, is chrome ochre, a hydrous sili- 
cate of chromium, alumina and iron. Before the blowpipe 
it exhibits the following characters : — In the glass-btdb it 
gives off water and becomes colorless. In the forceps 
it frits on the surface, but does not fuse. In borax and 
microcosmic salt it dissolves with difficulty, giving a chro- 
mium reaction, and in the latter salt a siliceous skeleton 
remains undissolved. With a considerable amount of car- 
bonate of soda it fuses with difficulty to a dusky green 
enamel. 

The mixed silicates, Fuchsite, Pyrope, etc., are treated 
of in the section on Silicates (see page 129). For chrome 
iron, see Iron, page 148 ; and for chromate of lead, see Lead, 
page 180. 
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NICKEL AND COBALT. 

(Behayionr in borax and microcoamic aalt see p. 60, with carbonate of 
soda p. 76* Mode of detecting nickel in tbe presence of cobalt p. 82.) 

These two metals are so nearly allied to each other, 
and so frequently occur replacing one another in the 
same mineral, that it is hardly possible to treat of the mi- 
nerals of one as regards their blowpipe characters with- 
out at the same time describing those of the other. The 
color imparted by cobalt to borax glass, and which re- 
mains unchanged in the reducing flame, is most character- 
istic, and is so intense as to overpower or greatly modify 
that produced by other metallic oxides. It is easily 
distinguished from the blue color produced by the oxide 
of copper by undergoing no change in the reducing flame, 
or on charcoal ; and when existing in any mineral together 
with that oxide, the latter may be removed by a reduction 
on charcoal, and the cobalt color will then be perceptible 
in the reducing as well as in the oxidising flame. The 
color of nickel in borax is also characteristic, but is not 
very powerful, and if cobalt be present even in small 
quantity, is scarcely to be recognised. Under such cir- 
cumstances the process described at page 82 must be 
resorted to for its detection. 
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BEHAVIOUE OF MINEEALS 



Mineral. 



Millerite - - 



Copper nickel- 



Formola. 



Behayiour 



r 



(1) 

in glass-bulb. 



NiS. 



NiAs. 



Smaltin6 - - 



(Co, Fe, Ni) 



Giyes off a 
little As O3. 



Whenstrongly 
heated gene- 
rally OTolyes 

metallic 

arsenic. 



(2) 
in open tube. 



Eyolves SOo. 



Giyes off mnch 
As O3 and 
some S O3 and 
falls to pow- 
der. 



Giyes a crys- 
talline sub- 
limate of 
As O3. Also 
some SO2. 



\ 



on ch 



Fusei 
much 
tionto 
netic 



Fuse 
magne 
witiii 
lution 
senic 
color 
flami 



Giyes < 
of arse 
fnsest 
ereyn 
beady 
brittle 
flam< 



\ 



BEFORE THE BLOWPIPE. 



166 



Behayiour 



(8) 
in borax. 



The roasted 
mineral gives 
a nickel reac- 
tion, slightly 
mo^ed by 
gmaU quantf. 
ties of iron 
and copper. 



The arsenical 
bead obtained 
by fusinff the 
mineral on 
charcoal, if 
fused upon 
the same snp- 
port with 
borax saccess- 
ively added 
and removed, 
^ves firstly an 
iron reaction, 
then cobalt if 
present, and 
lastly nickel. 



As the pre- 
ceding, but the 
cobalt being in 
large excess 
requires some 
time for its 
perfect oxida- 
tion before 
the nickel-re- 
action is ex- 
hibited. 



(6) 
in mic. salt. 



As in borax. 



If the residual 
bead which 
has been 
treated with 
borax be fur- 
ther treated 
with micro- 
cosmic salt, the 
nickel reaction 
will be obtain- 
ed and some- 
times a slight 
copper reac- 
tion. 



Gives the 'co- 
balt-reaction, 
and after the 
cobalt has 
been removed, 
that of nickel. 



with carb. soda. 



Fuses to a 
slangy mass 
which on sil- 
ver gives the 
sulphur reac- 
tion. 



(8) 

Special 

reactions. 



Affords a 
sublimate of 
metallic arse- 
nic when 
treated as 
described at 
page 92. 



As the pre- 
ceding. 



\ 
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BEHAYIOUE OF MINERALS 



NICKEL AND CORi 



MinenL 



Formula. 



Glance cobalt- Co S, 

+ CoA8^ 



Nickel glance • 



Ulmannite 



NiSa 
+ NiAsa 



Ni Sa + Ni 
(As Sb)4. 



BehaTionr 



(1) 

in glass-bulb. 




Decrepitates 
and gives an 
orange- color- 
ed sublimate 
of As S3. 



Gives a slight 
white subli- 
mate of Sb O3 
and more or 
less As Sj. 



Aa the pre- 
ceding, but 
gives off more 
SO,. 



As the pre- 
ceding. 



Gives off thick 
fumes of SbOs 
and SbOswith 
AsOjandSOa. 



\ 



Gives 
and A 
fuses 
magi 
bead, 
flame 



As the 
cedi 



As glai 
bait, b 
compan 
dense 
of SI 
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dnuation of pages 164 and 165.) 



»rceps. 



Behayiour 



(6) 
in borax. 



(6) 
in mic. salt. 



Gives a cobalt 
andBlightiron 
reaction when 
treated as the 
preceding 
minerals. 



As copper 
nickel. 



As copper 
nickel. 



As in borax. 



Giyes the 
nickelreaction, 
occasionally 
somewh at 
obscured by 
cobalt. 



As the pre- 
ceding. 



(7) 
with carb. soda. 



Giyes a snl- 

phnr -reaction 

of silver. 



As the pre- 
ceding. 



As the pre- 
ceding. 



(8) 

Special 

reactions. 



As the pre- 
ceding. 



As copper 
nickel. 



As copper 
nickel general- 
ly, but arsenic 
is not always 
present. 



\ 
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BEHAVIOUE OF MINERALS 



NICKEL AND COBA 



Mineral. 



Cobalt pyrites 



Emerald nickel 



Cobalt bloom - 



BebaTioar 



Formula. 



/^ 



2 (Co, Ni, Fe, 
Cu)8+Co8j. 



(1) 
in glaas-bnlb. 



(2) 
in open tabe. 



NiCO, 

+ 2NiHj02 

+ 4Aq. 



C03 2 As O4 
+ 8 Aq. 



When strongly 
beated giyes 
off sulpbnr 
and becomes 
brown. 



Giyes off mncb 
water and 
turns black. 



Giyes off 
water. 



GiTes off mncb 

SOs and a 

small quantity 

of As O3. 



(3) 
on cbaro 



In ibe re 
ing flf 
snuul f 
ments i 
witb tbe 
Intion of 
pbnrtoai 
netic b< 
baying 
bronze-co 
fractal 



Eyolyesa: 
ical fa 
and in 
redndngi 
fuses toa 
grey beat 
arsenide 
cobdt 
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luation of pages 166 and 167.) 



BehaTionr 


(8) 




{«) 


(») 


(7) ^ 


Special 
reactions. 


eps. 


in borax. 


in mic. salt 


with carb. soda. 






Tn the oxi- 


Ab in borax, 


Ab glance 


As copper 




dising flame 


but the redac- 


cobalt. 


nickel, but the 




on charcoal 


tion of the 




amount of 




giyes a yiolet- 


nickel is more 




arsenic is usu- 




colored glass. 


difficult than 




ally very small. 




Tn the reduc- 


in the latter 








ing flame the 


flux. 








nickel is re- 










duced and 










may be col- 










lected in a 
gold bead as 
described at 


















p. 82. When 










the nickel is 










removed, the 










glass exhibits 










a slight iron 










reaction while 










warm. 










Dissolves with 


As in borax. 


Forms a slag- 


In warm di- 




mnch efferves- 




gy mass. 


lute Ha dis- 




cence, and 






solves with 




gives the nickel 






much efferves- 




reaction. 






cence. 


point 


Gives the co- 


As in borax. 


•^ 


Gives off 


> bine 


balt reaction. 






arsenic when 


foses 








treated as de- 


ors the 








scribed at 


flame 








p. 92. 


{Am). 








\ 
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BEHAYIOUB OF MINEBALS 



NICKEL AND COBA 



Mineral. 



Formula. 



Earthy cobalt- , Indefinite, 

Mn 0, Co 0, 

Cu 0, Fe 0, 

Hs 0, etc. 



BehaTioar 



r 



(1) 

in glass-bulb. 




Giyee off 
water. 



Emits a a 

smell of 

senic, but 

not fof 



Of the above minerals copper nickel frequently con- 
tains small quantities of antimony, iron, lead and sulphur. 
Also occasionally a trace of cobalt. Small quantities of 
copper are occasionally found in many of the above 
minerals. 

There are some other arsenides and sulphides of co- 
balt and nickel besides those mentioned in the table, 
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>ntiniiation of pages 168 and 169.) 



Behayiour 


(8) 


w 


(6) 


(6) 


(7) ^ 


Special 
reactions. 


I forceps. 


in borax. 


in mic. salt. 


with carb. soda. 




lors the 


In oxidising 


• 
As in borax. 


Forms an in- 


With carbon- 


Eune blue. 


flame ^ves . If a saturated 


fusible mass. 


ate of soda 




the cobalt 


bead be treat- 




and nitre on 




reaction,which 


ed on char- 




platinum foil 




obscures those ' coal with tin 




gives a strong 




of MnO, CnO, ' in the reduc- 




manganese 




etc. In reduc- 


ing flame for 
a few seconds, 




reaction. 




ing flame oc- 








casionally 


the CuO-reac- 








gives the CnO- 


tion is some- 








reactioni 


times obtained. 







but they are too rare to require special notice in this 
place. — Nickel ochre is an arseniate corresponding both 
in composition and blowpipe characters to cobalt bloom, 
with the exception that the colors imparted by it to bo- 
rax and microcosmic salt are those of nickel, occasionally 
somewhat modified by the presence of a small quantity 
of cobalt. 
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BEHAYIOUB OF MIKK&ALS 



ZINC. 

(BebftTionr on ehareoftl p. 37, in borsz wmd wkKotmrnitt mK p. Q, 
with eaxbonate at soda p. 7ft, witli aitnte at eotelt p. 9L) 

The incnistation of oxide of zinc formed xspcsi char- 
coal when any zinc mineral is heated in the reducing 



Mineral. 



BehaTionr 



Formiila. 




Zincblende - 



Red oxide of 
zinc - - - 



Electric cala- 
mine- - - 



ZnS. 



Decrepitates 
strongly. 



ZnO. 



EtoItos S O 
and becomes 
j white or yel- 
low if contain- 
ing iron. 



Zn3Si04-|-Aq. Gives off water 
and becomes 
white and 
opaque. 



V. 

In the I 
ing flan 
crusts 
charcoal 
ZnO; 
with Gd 
that mei 
prese 

In the I 
ing i 
forms a 
incrust 
of oxid 
zinc 01 
chare 
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flame with carbonate of soda, is the most certain indication 
of the presence of that metal The oxide is characterised 
by being yellow in the hot state, and white when cold, and 
by assuming a beautiful green color when moistened with 
nitrate of cobalt and strongly heated. 



Behayionr 


(8) 


w 


(6) 


(6) 


(7) ^ 


Special 
reactions. 


foToeps. 


in borax. 


in mic. salt. 


with carb. soda. 






The roasted 
mineral gives 
a zinc-reaction 
and sometimes 
a slight iron- 
reaction. 


As in borax. 


As alone on 
charcoal. More- 
over colors 
the flame blue. 
The fused al- 
kali gives a 
S-reaction on 
silver. 




V. 


Generallygives 


As in borax. 


On charcoal 


With carbon- 




a manganese- 




forms a thick 


ate of soda 




and slight 




incrustation 


and nitre on 




iron - reaction 




of ZnO. 


platinum foil 




in addition to 


• 




gives a man- 




that of zinc. 






ganese - reac - 
tion. 


V. 


Dissolves to 


Dissolves to a 


With carbon- 


, , 




a clear glass, 


clear glass, 


ate of soda 






which cannot 


whichb^omes 


alone is infu- 






be rendered 


opaqne on 


sible. With 2 


• 




opaqne by the 


cooling. Silica 


parts of alkali 






mtermittent 


mains insolu- 


and 1 of borax 






flame. 


ble. 


fuses to a 
elass and sets 
free ZnO, 


















which incrusts 






■ 




the charcoal. 
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BEHAYIOTJB OF MINERALS 



ZINC, (Continiiai 





Fonnula. 

• 


BehsTioar 


Mineral. 


' (1) 

in glass-bnlb. 


(2) 
in open tube. 


(3) 
on chare* 


Calamine - - 


ZnCOs 


Gives off CO2 

and becomes 

opaque. 




As the 
oxide. So 
times { 
gives a ( 
mium- i 
lead-incm 
tion. 



Electric calamine sometimes, but rarely contains lead ; 
also small quantities of iron and carbonic acid. Calamine ' 
almost invariably contains more or less iron and man- 
ganese; sometimes in considerable proportion. When a 
large amount of iron is present, as in the calamine of 
Altenberg, the mineral assumes a dark color in the glass- 
bulb and becomes magnetic. Magnesia, lime, and silica 
are moreover frequently found in this mineral. 

Willemite is an anhydrous silicate of zinc (Zn^ SiO^,) 
and resembles electric calamine in all its blowpipe cha- 
racters, except that it gives no water in the glass-bulb. 

Franldinite, a compound oxide of iron manganese and 
zinc, is described imder the first of these metals. For 
zinciferous spinel (Automolite), see Alumina, page 128. 
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ges 172 and 173.) 



Behayionr 


(8) 


(4) 
srceps. 


(5) 
in borax. 


(6) 
in mic. salt. 


(7) ^ 
with carb. soda. 


Special 
reactions. 


V. 


Gives a zinc 
reaction and 
frequently an 
iron-andman- 
ganese • reac- 
tion. 


As in borax. 


Forms a thick 
incrustation of 
zinc, some- 
times also of 
PbO CO.O 


Dissolves with 

much efferye- 

scence in cold 

acid. 



CADMIUM. 

(BehaTionr on eharooal page 27, in borax and miorooosmio salt p. 68, 

with carbonate of soda p. 76.) 

The most important character of cadmium is that 
when heated upon charcoal alone, if in the metallic form, 
or with carbonate of sod% if in combination with other 
bodies, it incrusts the surface of the support with its cha- 
racteristic reddish brown oxide. There is but one mineral 
of cadmium at present known, vizi Greenocldte (Cd S), 
which is moreover of extremely rare occurrence. This 
mineral may be easily recognised by its behaviour with 
carbonate of soda upon charcoal, and may be distinguished 
from Cadmiferous Blende by forming no zinc incrustation 
on the charcoal after prolonged treatment upon that support 
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BISMUTH. 

(BehftTioor on obateoal p. 26, in borax and miorocosmio salt p. 65, 
with carbonate of soda p. 75, with nitric acid p. 83.) 

The incrustation of the oxide of this metal, which is 
formed upon charcoal, is very characteristic, unless the me- 
tal be present in very minute quantity or alloyed with a 
lar^e proportion of lead. In such cases recourse may be 
had to the process described at page 83, which is very 





Formula. 


Behaviour 


Mineral. 


(1) 


(2) 


(3) 






in glass-bulb. 


in open tube. 


on chan 


Native bis- 


Bi. 


« 


Fuses and is 


Fuses 


muth 






converted into 
ayellow oxide. 


bead an< 
crusts 
charcoal 
oxide 


Bismuthine • 


Bi2S3. 


* 


Fuses with 

ebullition and 

gives off S 

and SOs. 


Fuses ' 
mnchspii 
and in tb 
ducing J 
yields a 
tallicbea 
incmsts 
charcoal 
oxide 


Bismuthblende 


Big SijOao. 


Turns yellow, 
and, when 
strongly heat- 
ed, nises. 




Fuses ' 
ebullitioi 
brown gl4 
forming 
incrustati 
Bi203 on 
charooi 
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certain in its results, and requires only a minute fragment 
of the metal or alloy for its successml performance. In 
the case of a mineral, a metallic bead must be first ob- 
tained by a reduction upon charcoal with carbonate of 
soda» and this bead submitted to the test. — The brit- 
tleness of the bead so obtained is another, but less cer- 
tain, indication of the presence of bismuth, since antimony 
and arsenides have equally the property of extreme brittle- 
ness. The following are the principal minerals of Bismuth. 



forceps. 



Behaviour 



I. 

H with 
I to a yel- 
bead, co- 
the 
flame 
green, 
leially if 
Rnstened 
k H CL 
■ color is 
I to P2O6. 



(5) 
in borax. 



The oxide 
formed upon 
charcoal gives 
the bismuth 
reactions. 

The oxide ob- 
tained upon 
charcoal gives 
the bismuth 
reactions. 



Gives the bis- 
muth, and also 
an iron reac- 
tion. 



(6) 
in mic. salt. 



As in borax. 



As in borax. 



As in borax, 

but leaves a 

siliceous 

skeleton. 



(7) 
with carb. soda. 



As alone on 
charcoal. The 
fused alkali 
gives the sul- 
phur reaction 
on silver. 



Fuses to a 
yellow mass. 
The bismuth 
is then reduced 
to the metal- 
lic state and 
partially vola- 
tilised, in- 
crusting the 
Charcot be- 
yond. 



(8) 

Special 

reactions. 



Yi 
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BISMUTH. (Continuj 





Formula. 


Behaviour 


Mineral. 


' (1) 

in glass-bulb. 


(2) 
in open tube. 


(3) 
on char 


Tetradymite - 


Bi2 (TeS)3 

• 


Occasionally 
decrepitates 
and then fuses, 
forming a 
greyish white 
sublimate im- 
mediately 
above the 
mineral frag- 
ment. 


Fuses and 
fives off white 
fumes, part of 
which pass up 
the tube and 
part deposit 

immediately 
above the mi- 
neral. This 
latter ifheated 
fuses to clear 
drops (TeOa). 
The mineral 
residue be- 
comes sur- 
rounded by 
fused Bi2 O3, 

characterised 

by its yellow 

color. 


Fuses 
metallic 
colors 
outer 
bluish , 
(Te and 
and ini 
the chc 
around 
the 0] 
Bi203,b< 
which 
white YL 
tation ] 
consistin 
TeO 



Bismuth blende^ in addition to bismuth, silica, phosphoric 
acid, and iron, contains oxide of manganese, a little water 
and fluorine, all of which may be readily detected by the 
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»ages 176 and 177.) 



Behaviour 


(8) 


forceps. 


(6) 
in borax. 


(6) 
in mic. salt. 


(7) 
with carb. soda. 


Special 
reactions. 




The yellow 
oxide obtained 
upon charcoal 
gives the bis- 
muth reaction, 
and the white 
incrustation 
that of bis- 
muth and tel- 
luric acid. 


As in borax. 


In the reduc- 
in&^ flame 
yields a bead 
of metallic 
bismuth, part 
of which is 
with part of 
the tellurium 
volatilised, and 
incrusts the 

charcoal 

around. 


The fused al- 
kaline mass 
gives the sul- 
phur-reaction 
on silver. Also 
gives the tel- 

urium - reac- 
tion with char- 
coal and car- 
bonate of soda 

(see p. 76). 



ordinary means. Tetradymite frequently contains selenium 
and silver. 
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BEHAVIOUR OF MINERALS 



LEAD. 

(Behavioor on charcoal p. 27, in borax and microcosmio salt p. 6! 
with carbonate of soda p. 75, in nitric acid p. 83.) 

The principal blowpipe characters, by which the 
nerals of this important met^l may be recognised, 





Formula. 


Behayionr 


Mineral. 


(1) 


(2) 








in glass-bulb. 


in open tube. 


c 


Galena - - 


PbS. 


Generally de- 


Gives off SO2, 


F 






crepitates and 


and ^ben 


re 






gives off a 


strongly heat- 


in 






small quantity 
of sulpbur. 


ed, a white 


m 






sublimate of 


ai 








PbS04. 


ai 
ti( 
on 

CO 

tl 
1 


Olansthalite - 


PbSe. 


Decrraitates 
slightly. 


Forms a sub- 


Gi 






limate of se- 


s 








lenium, which 


sti 








is grey when 


se 








thickly depo- co 








sited, and red fla 








when thin 


In 








(see p. 21). 


iUj 

pa 
m( 
cb 
Se 
Ai 
til 
inl 
al< 



\ 
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that, when fused with the reducing flame, some alone and 
some with carbonate of soda, upon charcoal, they afiford 
a metaUic bead of lead (more or less malleable according 
to its purity), and an incrustation of oxide of lead, which 
is of a dark yellow color while warm, but becomes paler 
on cooling. Moreover, when touched with the blue oxid- 
ising flame, it imparts a blue color to the outer flame. 



Behaviour 


(8) 


w 


(6) 


(6) 


(7) ^ 


Special 
reactions. 


I forceps. 


in borax. 


in mic. salt. 


with carb. soda. 






The oxide 
formed upon 
charcoal gives 


As in borax. 


As alone on 
charcoal. The 


— 






fused alkali 






the lead -re- 




gives a sul- 






action. 




phur- reaction 
on silver. 






The infiifdble 
residue obtain- 
ed upon char- 


As in borax. 


With carbon- 
ate of soda 
or oxalate of 


— 




coal gives an 




potash yields 


r 




iron-andsome- 




a metallic 






times copper- 




bead,the fused 






and cobaJt- 




alkali laid 






reaction. 




upon silver 
and moistened 
produces a 
stain similar 
to that pro- 
duced by sul- 
phur. 






« 




(see p. 77). 


V 
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LEAD. (Conti 





Formula. 


Behaviour 


Mineral. 


r 

(1) 


(2) 








in glass-bulb. 


in open tube. 


on c 


/amesonite - 


2 (Pb, Fe,) S 
, + Sba S3. 


Fuses and 
gives off some 
sulphur, sul- 
phide of an- 
timony and 
antimony, 
which con- 
dense in the 
neck of the 
bulb (see 
p. 23). 


Fuses and 
emits dense 
white fames of 
SbOj, which 
pass off and 
redden blue 
litmus paper. 


FU8( 

grea 
evolv 
Sb ( 
PbO 
incru 
c h a 
arou 
minei 
the fa 
cease 
bead 
talli 
rei 


Minium - - 


PbaO^. 


• 




Is ] 
firstt 
(Pb( 
then 
talli 
whicl 
the X 
crui 


Mendipite - - 


PbCla 
-1- 2 Pb 0. 


Decrepitates 
slightly, and 
assumes a 
yellow color. 


\ 


Fusef 
andii 
to n 
lead 
evolu 
acid 
Form 
incr 
of PI 
a yel 
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Eiges 180 and 181.) 



Behayionr 



forceps. 



on the 
IT flame 
bhie. 



the pre- 
ceding. 



(6) 
in borax. 



The yellow 
incrustation 
formed upon 
charcoal gives 
the reaction of 
lead, and the 
white those of 
antimony. 



Gives the lead- 
reactions. 



As the pre- 
ceding. 



(«) 

in mic. salt. 



As in borax. 



As in borax. 



As in borax. 



^ 



(7) 
with carb. soda. 



(8) 

Special 

reactions. 



As alone on 
charcoal. The 
fused alkali 
gives the sul- 
phur-reaction 
on silver. 



As alone on 
charcoal. 



As alone on 
charcoal. 



Gives the 
chlorine reac- 
tion with CuO 
and microcos- 
mic salt (see 
p. 88). 



\ 
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BEHAVIOUR OF MINERALS 



LEAD. (Continu 







Behaviour 


Mineral. 


Formula. 


' (1) 


(2) 


(3: 






in glass-bulb. 


in open tube. 


on cha 


Cerusite - - 


PbCOs 


Decrepitates, 

gives off CO2, 

turns yellow 

and fuses. 




Is redu 

metallic 

incrusti] 

char 

around 


• 


9 






Pb 


Anglesite - - 


PbSOi 

1 


Decrepitates 
and gives off 
a small quan- 
tity of water. 




In the ( 
ingflami 
toacleai 
which b( 
opaquf 
cooling, 
reducing 
is rec 
with 
ebullitio 
metallic 
and in 
the ch 
around 
Pb' 


1 




■ 


\ 


\ 
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I 182 and 183.) 



Behaviour 


(8) 


ps. 


(6) 
in borax. 


(6) 
in mic. salt. 


(7) ^ 
with carb. soda. 


Special 
reactions. 


pre- 


Gives the lead- 


As in borax. 


As alone on 


In nitric acid 


?• 


reaction. 


t 


charcoal. 


dissolves with 
much effer- 
vescence. 


pre- 


Gives the lead- 


As in borax. 


Is i^ednced 




?• 


reaction, and 
occasionally a 




yielding a me- 
tallic lead- 






slight iron and 




bead. The 


** 




manganese- 




fused alkaline 






reaction. 




mass gives a 
sulphur -reac- 











tion on silver. 


V 
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BEHAVIOUR OF MINERALS 



LEAD. (Conti] 





Formula. 


Behaviour 


Mineral. 


' (1) 


(2) 








in glass-bnlb. 


in open tube. 


on c 


Pyromorphite 


Pb CI3 + 


Decrepitates, 




In « 


* 


3 (Pb, 2 PO4) 


and when 
strongly heat- 
ed for some 
time, gives a 
slif ht white 
sublimate of 
PbCl. 




flame 

abea 

a CI 

su'rfi 

coolii 

formf 

film ( 

on ti 

coal. 

ducin 

fuses 

reduc 

on CO 

snmei 

hedrs 

Incm 

c ha 

slighi 


Mimetene - - 


PbCl2 + 


As the pre- 




Fusei 




3(Pb8 2A804) 


ceding. 




easi] 

thep: 

gives 

and 

the 

with 

Fina] 

ducec 

meta] 






/ 


• 


and \ 
incr 




' 


\ 


\ 


of 



\ 
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;ee 184 and 185.) 



Behaviour 



rceps. 



(6) 
in borax. 



and co- 
B flame 
ne. 



(6) 
in mic. salt 



with carb. soda. 



le pre- 



The oxide 
formed on 
charcoal gives 
the lead-reac- 
tions. 



/ 



As in borax. 



Is reduced 
yielding a 
metallic Dead 
and incrustine 
the charcou 
with PbO. 



As the pre- 
ceding. 



(8) 

Special 

reactions. 



Gives the chlo- 
rine - reaction 
with micro- 
cosmic salt and 
Cu (see p. 
88). Also the 
phosphoric 
acid reactions 
(see p. 94). 



Gives the 
chlorine-reac- 
tion (see p. 
88). 



\ 
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BEHAVIOUE OF MINERALS 



LEAD. (Conti 





Formula. 


• 

Behaviour 


Mineral. 


(1) 


(2) 








in glass-hulh. 


in open tuhe. 


on ( 


Vanadinite - 


3 Ph VO, + 


As pyromor- 


— -. 


The; 




PhCla 


phite. 




mine 
to 

shini 
whic 
redu* 
aflFor 
tall 
Incn 
chart 
with 
film 
and 8 
wit 


Grocoisite - - 


Ph Cr04 


Decrepitates 
violently and 
assumes a 

dark color. 


\ 


Fuse 

tona 

ing( 

mets 

and 

an 

tion 

on 1 

\ 
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res 186 and 187.) 



Behaviour 



•rceps. 



rromor- 
ite. 



Tomor- 
ite. 



(6) 
in borax. 



Dissolves rea- 
dily to a clear 
glass, which 
in the oxidis- 
ing flame is 
yellow while 
hot, and color- 
less when cold. 
In reducing 
flame becomes 
opaque and on 
cooling green 
(see p. 73). 



Dissolves rea- 
dily and. colors 
the glass yel- 
low while 
warm, and 
green when 
cold (see 
chromium 
p. 74). 



(6) 
in mic. salt. 



In oxidising 
flame*is yellow 
while hot, be- 
coming paler 
on cooling. 
In reducing 
flame brown 
while wsirm, 
and emerald 
green when 
cold (see p. 
73). 



As in borax 

(see chr.o- 

mium-reaction 

p. 74.) 



A 



(7) 
with carb. soda. 



On platinum 
wire fuses to 
a yellow bead, 
which is crys- 
talline on 
cooling. On 
charcoal pelds 
a button of 
metallic lead. 



On platinum 
foil gives a 
dark yellow 
mass, which 
becomes paler 
on cooling. 
On charcoal 
yields a me- 
tallic button. 



(8) 

Special 

reactions. 



With micro- 
cosmic salt and 
Ou 0, gives 
the chlorine 
reaction. If 
fused in a pla- 
tinum spoon 
with from 3 
to 4 times 
its volume of 
KHSO4, it 
forms a fluid 
yellow mass 
having an 
orange color 
when cold. 

Treated as 
above with 
KHSO4 forms 
a violet colored 
mass, which 
on solidifying 
becomes red- 
dish and on 
cooling pale 
grey. 
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LEAD. (Continuati 





Formula. 


Behaviour 


Mineral. 


' (i) 


(2) 


(3) 






in glass-bulb. 


in open tube. 


on charoQ 


Molybdate of 


PbM04 


As the pre- 


■ 


Fuses aiM 


lead 




ceding. 




partly aim 
ed into 
charcoal,li 
ing a glol 
of meta 
lead, whic 
partially 
dised and 
crusts 
charcoa 


Scheeletine - 


PbW04 


Decrepitates 
more or less. 




Fuses U 
bead ina 
ing the c 
coal with] 
The bea^ 
coolingiB< 
talline 
has a 
metallic 
face. 



All lead minerals contain more or less silver, as may 
be ascertained by cupelling carefully the metallic lead ob- 
tained from this. The per-centage of this metal is very 
variable, and is frequently not to be detected, unless a 
large quantity of the mineral be examined for its presence, 
but ia sometimes con&ideTa\Ae, es^cnaXIL^ m ^ena, tinder 
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lages 188 and 189.) 



Behaviour 


(8) 


w 


(5) 


(6) 


w. ^ 


Special 
reactions. 


forceps. 


in borax. 


in mic. salt. 


.with carb. soda. 




pyromor- 


Dissolves rea- 


As in borax. 


Yields metal- 


Fused as above 


phite. 


dily and gives 
themolybdena 




lic lead. 


withKHSO^ 
forms a yellow 




reaction. 




• 


mass, which 
becomes white 
on cooling. If 
this be dissolv- 
ed in water 
and a piece 
of zinc intro- 
dtlced into 
the solution, 
the latter be- 
comes blue. 


pyromor- 


Dissolves to 


Dissolves to 


As the pre- 


With carbon- 


phite. 


a clear color- 


a clear color- 


ceding. 


ate of soda 




less glass, 
which m the 


less ^lass. 




and nitre gives 




which in the 




the manganese 
reaction. 




reducingflame 


reducingflame 






becomes yel- 


assumes a 








low and on 


dusky blue 








cooling grey 


color. After a 








and opaque. 


time becomes 
opaque. 







ore, and some of the antimoniaJ sulphides. — Of the in- 
dividual minerals, Clausthalite contains occasionally small 
quantities of copper and cobalt. — Pyromorphite, although 
given in the table as a pure chloride and phosphate of 
lead, frequently contains a considerable amount of arsenic, 
and then exhibits the mixed blowpipe characters of the 
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phosphate and arseniate of lead. Phosphate of lime, fluor- 
ine, and iron are moreover frequently present in this 
mineral The former sometimes amounting to 11 Vo- 

Besides the lead minerals^ already enumerated, there 
are many others of considerable importance. Such are : — 
Foliated tellurium, which is easily recognised by its cha- 
racteristic tellurium-reactions, and contains about 9 % of 
gold with smaller proportions of copper and silver (see 
gold, page 232). — Zinkenite, Heteromorphite, Boulan- 
gerite, Plagionite and Qeocronite, which are essentially 
antimonial sulphides of lead, but generally contain a small 
quantity of copper and iron ; also in the case of Qeocronite, 
arsenic. They resemble Jamesonite in their behaviour be- 
fore the blowpipe, but differ somewhat in their relative 
fusibility. — Corneous lead (PbCOs+PbCh), which behaves 
like Mendipite before the blowpipe, but may be distin- 
guished from the latter by its effervescing in nitric acid. — 
Linneite (PbS04+CuH2 02), which resembles Anglesite in 
its blowpipe characters, but when fused with boracic acid 
on charcoal yields a small bead of copper. — LeadhiUite 
(PbSOi+SPbCOa) and Lanarkite (PbSOi+PbCOs), which 
present the mixed characters of Anglesite and Cerusite. 

For Boumonite see Copper, page 193. 
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COPPER. 

(Behaviour of the oxide on platinum wire p. 36, of the chloride and 
bromide p. 40, in borax and microcosmic salt p. 66, with carbonate 

of soda p. 75.) 

The most characteristic reaction aflforded by copper 
and its minerals before the blowpipe is that exhibited by 
them when fused with borax and microcosmic salt, which 
affords a ready means of detecting copper even in the 
presence of all other metals. The colors imparted by the 
oxide and chloride to the blowpipe flame are also charac- 
teristic, more especially the latter; and the test recom- 
mended for chlorine, and described at page 88, is, mutatis 
mutandiSf equally applicable as a test for the oxide and 
other combinations of copper. The copper minerals are 
very numerous, and as many of them exhibit precisely 
similar blowpipe characters, a knowledge of their physical 
characters is indispensable to enable the student to distin- 
guish such species. The following are the most important 
copper minerals. 



Yi 
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Behaviour 



;eps. 



and 
the 

flame 

e. 



(6) 
in borax. 



In the oxidis- 
ing flame dis- 
solves and 
then gives the 
copper - reac- 
tions. 



The roasted 
mineral gives 
the copper- 
reaction, and 
sometimes 
also a slight 
iron- reaction. 



As the pre- 
ceding ; but 
when the cop- 
per has been 
removed by 
redncin? on 
charcoal, the 
bead shows a 
strong iron 
color. 



(6) 
in mic. salt. 



As in borax. 



As in borax. 



As the pre- 
ceding ; but 
the color in 
the oxidising 
flame is green, 
owing to the 
presence of 
iron. 



with carb. soda. 



In the reduc- 
ing flame is 
decomposed, 
forming NaS 
and metallic 
copper. If the 
former be cut 
out and laid 
upon silver, it 
gives the sul- 
phur-reaction. 



Yields a bead 
of metallic 
copper, and 
some magnetic 
oxide of iron, 
which remains 
on the char- 
coal. The 
fused alkali 
gives a sul- 
phur-reaction 
on silver. 



(8) 

Special 

reactions. 
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COPPER. (Contirn 



Mineral. 



Fahlerz 



Formula. 



4 Cu,Ag3Fe, 

Zn),S + 
(Sb As)2 S3. 



Tennantite 



4(CuFej)S + 



Behaviour 



r 



(1) 

in glass-bulb. 



Sometimes 
decrepitates, 
fuses, and when 
very strongly 
heated, gives a 
red sublimate 
of Sb2S3with 
Sb2 O3, also 
sometimes a 
black sublimate 
of Hg Sand oc- 
casionally 
AS3S3. 



Decrepitates 

occasionally 

and gives a 

red sublimate 

of A82S3. 



(2) 
in open tube. 



Fuses and 
gives off thick 
fumes of Sb O3 
and SO2, also 

generally 
As O3, leaving 
a black infu- 
sible residue. 
If H^ be pre- 
sent, it is sub- 
limed and 
condenses in 
the tube in 

small drops. 



Evolves SO2 
and A82OS, 
which con- 
dense and 
form a white 
sublimate. 



\ 



(3 
on cha 



Fuses 
bead, 
fumes 81 
and i] 
the cl 
with 
and son 
ZnO, 
canno 
volati 
Emits a 
smell 
arse 



Fuses 
ma^ei 
giving 
senical 
sulph 
tun 



\ 
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194 and 195.) 



Behaviour 



forceps. 



(6) 


(«) 


in borax. 


in mic. salt. 


The residue 


As the pre- 


obtained on 


ceding. 


charcoal 




thoroughly 
roasted gives 




a copper re- 
action, and 


• 


when the latter 




has been re- 




moved by re- 




duction upon 
charcoal, an 




iron -reaction. 




As the pre- 
ceding. 


As the pre- 
ceding. 



with carb. soda 



With this flux 
and a little 
borax yields a 
bead of me- 
Ijdlic copper 
on silver ; the 
alkaline mass 
gives a sul- 
phur-reaction. 



Yields a cop- 
per bead and 
metallic iron 
in the form 
of a dark grey 
powder. The 
rosed alkali 
gives the sul- 
phur-reaction. 



(8) 

Special 

reactions. 



If the copper- 
bead obtained 
by fusing upon 
carbonate of 
soda be cupel- 
led with assay 
lead, a silver 
bead will be 
obtained. Or 
if dissolved in 
nitric acid and 
a drop or two 
of HCCl add- 
ed, a white 
precipitate of 
AgCl wiUbe 
formed, which 
may be col- 
lected and re- 
duced with 
carbonate of 
soda upon 
charcoal. 



\ 
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BEHAVIOUK OF MINERALS 



COPPER. (Contini 





Formula. 


Behaviour 


Mineral. 


' w 


(2) 


(2 






in glass-bulb. 


in open tube. 


on chi 


Boumonite - 


3(PbCu)S+ 


Decrepitates, 


Evolves thick 


Fuses 




Sb2 S3. 


giving off sul- 


white fumes of 


and i 




w 


phur,andwhen 


Sb204 and Pb 


the c 






strongly heat- 
ed, Sb2S3 and 


SbOfi. Also 
SOs. 


with 






andPb 






Sb20». • 




ing ad 
lored 


Red oxide of 


CuaO. 




Is converted 


In the 


copper 






into the black 
oxide CuO. 


iM fl 
reauco 
inga 
metalli 

P 


Atacamite- - 


3 Cu H2O2 + 


Gives off much 




Fuses, 




CnClaHjO. 


water, having 
an acid reac- 
tion on test 
paper, and 
forms a light 




theflai 
forms f 
and f 
grey i 








ation 






grey sublimate 




charcoi 






of CuCl. 




is redi 
metalli 
per, le; 
smidlq 
of s 


1 

1 




\ 


V 


\ 
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is 196 and 197.) 



Behaviour 



ceps. 



nd co- 
I flame 
^een, 
aoosly 
ened 
II, blue. 



nd co- 
I outer 
tensely 
1 green 
the 
it. 



(6) 
in borax. 



If the bead 
obtained on 
charcoal be 
fused on that 
support in the 
reducingflame 
with borax, a 
slight iron- 
reaction is 
obtained, and 
after a time a 
copper -reac- 
tion. 



Gives the cop- 
per-reactions. 



Gives tiie cop- 
per-reactions. 



(6) 
in mic. salt. 



As with borax. 



As with borax. 



As with borax. 



with carb. soda. 



Yields a bead 
of metallic 
copper and 
lead, and in- 
crusts the 
charcoal with 
SbaOs and 
PbO. The al- 
kaline mass 
laid on silver 
and moistened 
gives the sul- 
phur-reaction. 



Is reduced to 
a bead of me- 
tallic copper. 



Is reduced, 

yielding ahead 

of metallic 

copper. 



(8) 

Special 

reactions. 



\' 
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BEHAYIOUE OF MINEEALS 



COPPER. (Contir 



Minera]. 



Dioptase 



Malachite - 



Blue Yitriol 



Formula. 



Cu SiOs + 
3 Aq. 



CuC08 + ' 
Cu HaOa. 



CuS04+6Aq. 



Behaviour 



r 



(1) 

in glass-bulb. 




Gives off wa- 
ter and turns 
black. 



Gives of wa- 
ter and turns 
black. 



Intumesces, 

gives off water 

and becomes 

white. 



Strongly heat- 
ed is decom- 
posed, giving 
off S02 and 
being convert- 
ed into CuO. 



In the 
ing fit 
comes 
In the 
ingfla 



Fusei 
bead a 
astroi 
is red 
metaU 

F 



Asinti 
bulb, 
fuses, ( 
the out 
green, 
reduc 
metaUi 
per am 
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ges 198 and 199.) 



Behaviour 



*) 

irceps. 



IT. 

'8 the 
flame 
nsely 
sen. 



and co- 
e outer 
rilliant- 
reen. 



and co- 
e outer 
I blue. 



(6) 
in borax. 



(6) 
in mic. salt. 



Gives the cop- 
per-reactions. 



Gives the cop- 
per-reaction. 



The roasted 
mineral gives 
the copper- 
reaction. 



As with 

borax. The 

silica remains 

undissolved. 



As in borax. 



As in borax. 



with carb. soda. 



With a small 
quantity of 
carbonate of 
soda fuses to 
a bead, which 
on cooling is 
opaque and 
has a red 
fracture.With 
more alkali 
forms a slag, 
containing 
little beads of 
reduced cop- 
per. 



Yields metal- 
lic copper. 



Yields metal- 
lic copper. 
The alkaline 
mass laid on 
silver gives 
the S-reaction. 



(8) 

Special 

reactions. 



Dissolves in 
H CI with 
much effer- 
vescence. 



Gives the sul- 
phuric acid 
reaction (see 
p. 85). 



\ 
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COPPER. (Coi 





Foimula. 

• 


Behayiour 


Mineral. 


(1) 

in glasB-bnlb. 


(2) 
in open tabe. 


0] 


libethenite - 
Olirenite - - 


Cn3 2P04+ 
CUH2O2. 

Cll8 2(A8,P)04 
-J- CujHjOg. 


Gives off wa- 
ter and turns 
black. 

Gives off 
water. 


% 


G 

he 
bl 

fOf 

ha 
of 

P 
d 
an 
lu 
ni 
a1 
In; 
te] 
ha 



Besides the above-mentioDed minerals, the follow 

are of importance: — Indigo copper (CuS), which beha 

like vitreonB copper, except t\iQA» m ^;^i<b ^ka£&\svi2^*^ ^gi 
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>ages 200 and 201.) 



Behaviour 


(8) 


(*) 


(«) 


(«) 


(7) ^ 


Special 


forceps. 


in borax. 


in mic. salt. 


with carb. soda. 


reactions. 


M, but does 


Gives the cop- 


As in borax. 


With much 


Gives the 


color the 


per-reaction. 




of the alkali 


phosphoric 


.e distinct- 






is decomposed, 


acid reaction 


On cool- 






yielding me- 


(see p. 94). 


is black 






tallic copper. 




crytstal- 






With small 




line. 




• 


portions suc- 
cessively added 
first fuses and 
then intumes- 
ces, fuses with 
a strong flame, 
and is then 
absorbed into 
the charcoal, 
leaving metal- 
lic copper. 




38 and co- 


Gives a cop- 


As in borax. 


Is reduced. 


Gives the ar- 


the outer 


per-reaction. 




yielding metal- 


senic reac- 


e green. 






lic copper. 


tions (p. 92). 


cooling 










a crystal- 
) surface. 




fe 







off a considerable quantity of sulphur. — Buntkupfererz 
or horse flesh ore (Cua re2 Se), which resembles copper py- 
rites in its behaviour before the blowpipe, but iii8»^ b^ ^-assi^ 
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distinguished from this latter by its peculiar bronze color. 
— Chalcotrichite, which, being a dimorphous form of ruby 
copper, behaves similarly to that mineral. — Chrysocolla 
(Cu Si O3 + 3 Aq), which behaves like Bioptase. — Azurite 
(2 Cu CO3+ Cu Hj O2), the reactions of which are the same 
as those of Malachite. — Phosphorocalcite (Cus 2 PO4 -F 
2 Cu Ht O2), and some other phosphates, which behave in 
the same manner as Libethenite. — And finally Euchroite 
(Cu3 2As04+Cu2H20a+6Aq), copper-froth (CU32ASO4+ 
2 Cu H2 O2 + 7 Aq), copper-mica (Cm 2 ASO4 + 5 Cu H, O2 
+ 7 Aq), and Lirooonite (3 Cug 2 (As,P)04+(CusAl2) H^Oe 
+ 27 Aq), which generally resemble Olivenite in their 
reactions, but differ therefrom in the following particulars : 
— Euchroite in the glass-bulb assumes a yellowish-green 
color and becomes friable. — Copper-froth and copper-mica 
fuse to a crystalline bead before the blowpipe, and Liro- 
conite, whdn heated in the glass-bulb, gives off water, but 
does not decrepitate. 



TITANIUM. 

(Beharionr in borax and microcosmic salt see p. 69, ivith earbonate 
of soda p. 75, with nitrate of cobalt on charcoal p. 91.) 

The only titanium minerals of sufficient importance 
to demand notice in this place are Butile, Anatase, Brook- 
ite and Sphene. Of these the first three are trimorphous 
forms of titanic acid, generally containing a small quantity 
(about 1 °/o) of iron or manganese, and are easily recognised 
by their exhibiting all the blowpipe characters of titanic 
acid, slightly modified by the oxides just mentioned. The 
most characteristic reaction of titanic acid is the color im- 
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parted by it to microcosmio salt in the reducing flame, 
which only resembles that produced in the same flux by 
nipbic acid. From this latter rare acid, titanic acid is 
sufficiently distinguished by its behaviour in borax, and 
especially in the reducing flame. 

' Rutile, Anatase and Brookite (TiO) are anhydrous ; 
they are infusible before the blowpipe, and impart no color 
to the outer flame. With carbonate of soda and nitre 
they frequently give a slight manganese reaction, and with 
carbonate of soda alone fuse to a clear bead, which be- 
comes opaque on cooling. They are distinguishable from 
one another solely by their physical characters. 

Sphene [(Ca + T12) 0, Si OJ, when heated in the 
glass-bulb, usually gives off a trace of water, and the 
brown varieties assume a yellow color. In the forceps it 
fuses on the edges with intumescence to a dark glass. 
In borax it dissolves readily to a clear yellow glass, and 
in microcosmic salt the lime and titanic acid dissolve with 
difficulty, leaving the silica undissolved. ' If the micro- 
cosmic bead containing titanic acid be treated with tin 
upon charcoal, it assumes the characteristic violet color 
of titanic acid. 

Titanic acid occurs in considerable proportion in II- 
menite and Iserine, for which minerals see Iron, p£^e 144. 

T I N. 

(Bebavionr on charcoal p. 28, in borax and microcosmic salt p. 64, 
with carbonate of soda p. 75, with nitrate of cobalt p. 91.) 

When tin minerals are fused with carbonate of soda, 
or better with cyanide of potassium in a strongly reducing 
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flame upon charcoal, they yield small globules of metallic 
tin malleable when cold, and the charcoal around becomes 
covered with a white coating of the oxide. If this incrust- 
ation be treated with cobalt-solution in the usual man- 
ner and strongly heated, it assumes a bluish-green color 
very characteristic of the oxide of tin. By this reaction 
tin-stone and tin-pyrites, the only important minerals of 
this metal, maybe easily recognised. — Their other reac- 
tions are as follows : — 

Tin-pyrites or bell metal ore (2 (Cu,re,Zn) S+SnS2), 
heated in the open tube, gives off S O2 and Sn O2, which 
is deposited just above the assay. In the reducing flame 
on charcoal it fuses to a bead, but in the oxidising flame 
is converted into oxide of tin, a part of which incrusts 
the charcoal and may be tested with nitrate of cobalt. I^ 
having been roasted under the oxidising flame, it be treat- 
ed with borax in the reducing flame, an iron-reaction will 
be obtained ; but if with the oxidising flame, the borax 
will be rendered blue from copper. Tin-pyrites frequently 
contains a small quantity of zinc, but as the tin interferes 
with the reactions of this metal on charcoal, its presence 
can only be ascertained by a wet analysis. 

Tin-stone (Sn02) is anhydrous and infusible. In borax 
and microcosmic salt it usually gives a slight iron-reaction, 
and with carbonate of soda and nitre indications of man- 
ganese are very frequentiy obtained. 
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MOLYBDENUM. 

(Behavionr on charcoal p. 28, in the forceps and on platinum wire p. 36, 
in borax and microoosmic salt p. 73, with carbonate of soda p. 75.) 

The only mineral of molybdenum (besides molybdate 
of lead described at page 190) of sufficient importance to 
demand notice, in this place is the sulphide of molybdenum 
or molybdenite (M0S2). This mineral, which in its general 
appearance much resembles graphite, is very easily recog- 
nised by the following blowpipe characters. Heated in the 
glass-bulb it sometimes gives off a trace of sulphur and 
becomes bronze-colored on the surface, but undergoes no 
further change. In the open tube it gives off sulphurous 
and molybdic acid, of which the former passes off and many 
be recognised by its peculiar odor, while the latter con- 
denses in minute white crystals in the upper part of the 

• 

tube. On charcoal it is infusible, but in the oxidising 
flame is slowly roasted, and incrusts the charcoal with a 
characteristic deposit of molybdic acid, which, if taken up 
on a fluid borax or microcosmic bead, exhibits the reac- 
tions described at page 73. In the forceps it colors the 
flame green, but is perfectly infusible in the most intense 
part of the flame. Fused with carbonate of soda it is de- 
composed, and sulphide of sodium and molybdic acid result, 
the former of which laid upon silver and moistened gives 
the sulphur-reaction. The molybdic acid is partially vo- 
latilised and incrusts the charcoal around the fused mass. 
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TUNGSTEN. 

(BehftTionr in borax and miorocoemic salt p. 72, with carbonate of 

Boda p. 75.) 

Of the three principal tungsten-miuerals, viz. : — Wolfram, 
Scheeletine and Scheelite (CaO, WO3), the first two have 
been already noticed under Iron and Lead (pages 144 and 
180). The remaining mineral, Scheelite, is easily recognised 
by the following reactions. On charcoal or in the forceps 
it fuses on the edges to a translucent glass, but does not 
color the blowpipe flame. In borax it dissolves readily to 
a clear glass, which, when it contains a considerable pro- 
portion of the mineral, becomes crystalline on cooling. In 
microcosmic salt it also dissolves to a clear glass, which, 
when treated in the reducing flame, becomes blue on 
cooling, thus indicating the presence of tungstic acid. 
With carbonate of soda it forms a tumid, white, almost 
infusible slag. As non-essential constituents it frequently 
contains iron, manganese and fluorine, of which the first 
may be detected by the color it imparts to the borax 
bead, the second by its characteristic behaviour when 
fused with nitre and carbonate of soda, and the third by 
its action on a glass-tube when fused with microcosmic 
salt. See page 86. 
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ANTIMONY. 

(BehaTiour in the open tube p. 2S, on charcoal p. 25, in borax and 

microcoemic salt p. 71, with carbonate of soda p. 75, 

with nitrate of cobalt p. 91.) 

When antimony minerals are heated with access of 
air, either in the open tube or on charcoal, they give off 
dense white fumes of antimonious and antimonic acid, 
which are deposited on the support at a short distance 
beyond the assay. This behaviour is very characteristic 
of antimony, and is an unmistakable indication of its 
presence. The peculiar phenomenon exhibited by a bead 
of metallic antimony when fused upon charcoal, and 
which is described at page 26, is also characteristic, and 
may be produced by reducing the antimony mineral (if 
a sulphide or oxide) with carbonate of soda upon charcoal, 
and operating upon the metallic bead so obtained. 



\^ 
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Mineral. 



Formula. 



Native anti- 
mony 



Sb. 



Grey antimony 



SbaS 



203« 



Behavionr 



(1) 

in glass-bulb. 



Fuses, and 
when strongly 
heated, volati- 
lises, being re- 
deposited in 
the tube as a 
dark grey sub- 
limate. 



(2) 
in open tube. 



Fuses readily 
and occasion- 
ally gives off 
a small quan- 
tity of sulphur. 
Stronglyheat- 
ed forms a 
brown subli- 
mate of SbSs 
andSbOs. 



Fuses and 
gives off dense 
white fumes, 
which are 
partly rede- 
posited on the 
tube. Some- 
times also gives 
off arsenical 
fumes in small 
quantity. 



I 



Fuses and 
gives off S O2, 
which passes 
off up the tube, 
and dense 
white fumes 
of SbOs, and 
SbOg, which 
are partly de- 
posited in the 
tube. 
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Behaviour 


(8) 


) 

oeps. 


(6) 
in borax. 


(6) 
in mic. salt. 


(7) ^ 
with carb. soda. 


Special 
reactions. 


m 


The oxide 
formed upon 
charcoal gives 
the antimony 
reactions. 


As in borax. 




The incrusta- 
tion on the 
charcoal, if 
treated with 
nitrate of co- 
balt, assumes 
the character- 
istic green 








1 


color. 




As the pre- 


As in borax. 


• 
Fuses and is 


As the pre- 




ceding. 




reduced, yield- 
ing metallic 
antimony, 
which behaves 
as the preced- 
ing mineral 
upon charcoal. 
The alkaline 
mass gives 
the sulphur 
reaction. 

\ 


ceding. 

\ ^ 
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ANTIMONY. (Continua 





Formula. 


Behaviour 


Mineral. 


(1) 


(2) 


(3) 






in glass-bulb. 


in open tube. 


on chai 


Antimony 


Sb03+2SbS3 


Fuses easily, 


As the pre- 


As the 


blende 




gives off first 
Sb Os and 
afterwards an 
orange colored 
sublimate. 
Strongly heat- 
ed h decom- 
posed and 
gives a black 
sublimate, 
which becomes 
brown on cool- 
ing. 


ceding. 


cedin 


"White anti- 


SbgOs. 


Is sublimed 


As in the glass- 


Fuses wi 


mony 




andrecondens- 

ed in the neck 

of the tube. 


bulb. 


evolutio] 
dense 
fumes, ^ 
incrusi 
surface 
charcoal 
the red 
flame is ] 
reduced,; 
ing me 
antimo 




\ ^ 


Colors i 






\ 


\ 


\ y^sA 
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iges 210 and 211.) 



BehftTiovr 



forceps. 



in borax. 



As natiye 
antioioiiy. 



} and is 
lisedyCo- 
ig the 
flame 
)lue. 



(6) 
in mic sah. 



As in borax. 



Gives the an- 
timony reac- 
tion. 



As in borax. 



■^ 



(7) 
withcaib.soda. 



As the pre- 
ceding. 



In the reduc- 
ing flame is 
reduced, yield- 
ing metallic 
antimony. 



(8) 

Special 

reactions. 



As native 
antimony. 



As native 
antimony. 



\ 
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The above are the principal minerals in which anti- 
mony is the only metal present. Arsenical antimony 
(SbAs) is comparatively of rare occurrence, and resem- 
bles native antimony in its reactions, except that, when 
heated either in the glass-bulb, the open tube, or on 
charcoal, it gives off considerable arsenical fiimes, easily 
recognised by their odor. 

A very large and important class of antimony mine- 
rals, viz. those in which antimony is combined with lead 
and sulphur, as Jamesonite, Zinkenite, Heteromorphite, etc., 
have been already described imder Lead. Fahlerz and 
Bouruonite imder Copper, and Ulmannite under Nickel 
For antimonial silver, Stephanite, Pyrargyrite, Miargyrite 
and Polybasite, see Silver. 
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ARSENIC. 

(BehATioQr in |0a»-1ralb p. 21, in open tobe p. SS» on ebarcottl p. S5, 

in forceps p. 39, with eartwoate of soda p. 75. Mode of detecting 

SBudl qnantitiet in eomlanatioB with metals p. 93.) 

Arsenic is readily recognised in its unoxidised com- 
pounds by the pecoliar garlic-like odor which it gives 
when heated in an open tube, on charcoal or elsewhere. 
In the form of arsenious or arsenic acid the same indica- 
tion of its presence is obtained hj reducing the acid upon 
charcoal with the addition of carbonate of soda or oxalate 
of potash, if in combination as an arseniate or arsenite. 
It is scarcely necessary to remark that any blowpipe 
experiments upon arsenical compounds should be carried 
on in a well-ventilated room, since the arsenical fumes 
produced therein are highly prejudicial to health if not 
speedily removed. 
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Mineral. 



Natiye arsenic 



Realgar 



Orpiment - 



Fonnola. 



As. 



AszS). 



AS2S3. 



White arsenic 



A82O3. 



Behayiour 



r 



(1) 

in glass-bnlb. 



Sublimes 
without fusion 
and reoonden- 
ses as a dark 
grey metallic 
sablimate, 
sometimes 
leayin^asmall 
residue. 



Fuses, enters 
into ebullition 
and is sublim- 
ed as a trans- 
parent red 
* sublimate. 



(2) 
in open tube. 



As the pre- 
ceding, except 
that the sud- 
limate is of a 
dark yeUow 
color when 
cold. 

Sublimes with- 
out fusion and 
recondenses in 
white crystals. 



\ 



If gently heat- 
ed in a good 
current of air 
passes off as 
AsOs, which 
is partly con- 
densed as a 
white subli- 
mate in the 
upper part of 
the tube. 

Gently heated 
passes off as 
SOaandAsOs, 
the latter of 
which is rede- 
posited in the 
upper part of 
the tube. 



As the pre- 
ceding. 



\ 



(3) 
onchai 



Passes ( 
AsOg, ^ 

thinly in 
the chi 
beyond 
assa- 



Fuses 
passes c 
arseniou 
Bulphu 
acidi 



As the 
cedii 



Sublimef 
is parti) 
condense 
charcoal,: 
ing a 1 
inorustai 
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Behaviour 



(4) 
forceps. 

)r8 the 
le blue. 



(6) 
in borax. 



I and co- 
he flame 
►lue. 



he pre- 
(ding. 



>r8 the 
16 blue. 



(«) 

in mic. salt. 



with carb. soda. 



As on char- 
coal, except 
that the S 
combines with 
the alkali 
forming NaS, 
which on silyer 
giyes the sul- 
phur-reaction. 

As the pre- 
ceding. 



(8) 

Special 

reactions. 



Heated with 
charcoal in a 
glass-tube 
sealed at one 
end, is reduced 
and metallic 
arsenic sub- 
limes. 



\ 
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The earthy leridue left by metallic arsenic after sab- 
limation, if treated with borax <»: microcosmic salt, gener- 
ally gives i^e reaction of iron, and sometimes that of 
nickel and cobalt. If fused upon charcoal with a little 
borax and assay lead, and the lead be afterwards cupelled 
in the manner described under Silver (page 223), a minute 
bead of silver is occasionally obtained. 

Besides the minerals mentioned in the above table 
the following are important, viz. : — Pharmacolite described 
imder Lime; Mispickel, Leucopyrite, Scorodite and cube 
ore under Iron (page 144)'; copper nickel, Smaltine, glance 
cobalt, nickel glance, Ulmannite, cobalt bloom, and nickel 
ochre, under Nickel and Ck)balt (page 163) ; Mimetene and 
geocronite under Lead (page 180) ; Fahlerz, Tennantite, 
Olivenite and other arseniates of copper under Copper 
(page 193) ; and Proustite and Polybasite, for which see 
Silver (page 223), 
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MERCURY, 

(Beharioor in the glass-bulb see p. SI, vith oaibonste of soda p. 75.) 

If any mineral oontainiiig mercuiy be mixed with car- 
bonate of soda and heated in a glass tube sealed at one 
end, metallic mercuiy will be eyolyed, and condensing in 
the upper part of the tube run together into small drops 
easily distinguishable by their metaUic lustre. The fol- 
lowing are the principal minerals of mercury. 

Native mercury frequency contains a small quantity 
of silver, which, when the mercury is driven off in the 
glass-bulb, remains in the residue and may be fused with 
a little carbonate of soda on charcoal to remove any 
earthy impurities. 

Besides the minerals below mentioned are the follow- 
ing of more rare occurrence: — Horn quicksilver (Hga CI) 
and selenide of mercury [Hg(SSe)], easily recognised by 
their chlorine- and selenium-reactions respectively. Fahl- 
erz and selenide of lead also occasionally contain mercury 
(see Copper and Lead). 
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Behaviour 
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PLATINUM, PALLADIUM, RHODIUM, IRIDIUM, 

AND OSMIUM. 

These metalB, which ooiy occur native or in the form 
of alloys, are principally characterised by their negative 
properties being infallible before the blowj»pe,*) and, with 
the excepticm of osmium and palladiom, not acted upon 
by any of the ordinary blowpipe fluxes. Osmium, when 
fused with nitre upon charcoal, evolves fumes of osmic 
acid having a peculiar unpleasant odor; and palladium, 
when fiised in a large glass-bulb with bisulphate of 
potash, is dissolved farming a yellow salt. The principal 
mineral species in which the above metals occur are : 

Native platinum, which generally contains more or 
less iron, iridium, rhodiimi, palladium, osmium and copper. 
If some filings of this mineral be fused with borax or 
microcosmic salt, the flux exhibits a slight copper- and 
iron-reaction, but the other metals remain unacted upon. 
In order to separate these, a chemical analysis is necessary, 
for which see Rosens " Analytical Chemistry.*' 

Native palladium, which fuses with bisulphate of potash 
as above mentioned. It also fuses with sulphur in the re- 
ducing flame on charcoal, and if afterwards treated in the 



*) An extremely thin platinum wire or fine strip of platiniun 
foil may be fused before the point of the blowpipe flame, bat as 
anything larger than this, as e.g. the grains, in which platinum 
occurs fiatiye, remains unaltered in form, the metal may be prac- 
tically termed infusible. 
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oxidising flame, the sulphur is burnt off, leaving metallic 
palladium. 

Iridium osmium and osmium iridium, two distinct 
combinations of these two metals. The former, having 
the formula IrOs, is infusible alone, and when fiised with 
nitre, gives off fumes of osmic acid. The latter, having 
the composition IrOsa or IrOs4, if heated in the flame of 
a spirit lamp, gives off osmium, which renders the flame 
brilliantly illmninating. With saltpetre it gives off a 
greater quantity of acid fumes than the other species. 



SILVER. 

(Behaviour on charcoal p. 28, in borax and microeosmic salt p. 67, 

with carbonate of soda p. 75.) 

According to their composition we may divide the 
silver minerals into two Classes : first, those containing no 
other fixed metal but silver, which may consequently be 
extracted by a simple fiision with carbonate of soda upon 
xjharcoal, the antimony, arsenic or sulphur present being 
volatilised, the two former under the reducing, the latter 
under the oxidising flame: — second, those which, as 
argentiferous fahlerz, contain, in addition to silver, copper, 
lead, etc., which are either fixed metals or can with 
difl&culty be volatilised under the blowpipe flame. In 
such cases, in order to ascertain the presence of silver, 
the following process is to be resorted to : 

A nearly cylindrical hole about Vi« of an inch deep 
and of the same diameter having been bored in a good 
piece of charcoal, about 2 grains weight of the mineral, 
previously pulverised, and mixed with its own bulk of 
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pounded borax-glass, is wrapped up in a small piece of 
thin assay lead, introduced into the cavity and fused 
iinder the reducing flame, at first gently, and afterwards 
more strongly. This should be kept up, until the whole 
mass has resolved itself into a metallic button and a 
clear glassy borax bead not adhering to the charcoal 
If the metallic button on cooling present a dull grey 
surface, indicating the presence of antimony, it must then 
be treated in the oxidising flame, until on cooling it 
presents a bright somewhat prismatic surfSEkce. It is then 
detached from the borax and carefully cupelled on some 
bone-ash pressed into a shallow cavity in a piece of char- 
coal, the surface being smoothed and made slightly con- 
cave with the end of an agate pestle. The cupellation 
is thus effected : —The bone-ash cupel is first strongly 
heated in order to drive off any moisture contained in it. 
The metallic button, carefully freed by hanmiering from 
any adhering fragments of borax, is then placed upon it, 
and kept fused beyond the point of a gentle oxidising 
flame, until the greater portion of the lead is oxidised, 
and forms a mass of fused litharge around the metallic 
bead. This latter, when cold, is removed, and being 
cleaned from the litharge by a gentle blow with a hammer, 
is placed upon a second cupel prepared and dried in a 
similar manner to the first, and having a very smooth 
surface of fine bone-ash. The cupellation is then resumed 
as before, except that the flame is directed rather on the 
cupel immediately in front of the bead, than on the bead 
itself so that the litharge is absorbed by the cupel as 
rapidly as it is formed. The flame is to be continued 
uutil brilliant prismatic colors play over the surface of the 



BEFOEE THE BLOWPIPE. 225 

bead, indicating the oxidation of the last traces of lead. 
The flame is then stayed and the bead allowed to cool. 
If consisting of pure silver, or silver and gold, when just 
cooled below redness, it suddenly glows for a second, and 
then on cooling presents the brilliant white surface of 
fine silver. If one cupellation be not sufl&cient to remove 
all the copper, a fact which is indicated by the color of 
the litharge absorbed by the second cupel being not of 
a pale yellow when cold, but inclining to black, the 
bead should be remelted with a small quantity of assay 
lead and the cupellation repeated. — By this process, when 
carefully conducted, the per-centage of silver in a mineral 
may be estimated very accurately ; but if such be the 
object of the blowpipist, it is desirable to obtain a few 
pieces of apparatus specially constructed for blowpipe 
assaying, for a detailed description of which, as well as 
of the mode of conducting the process, the student is 
referred to Professor Plattner'a work ou the blowpipe. 
The principal silver minerals are the following : 
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Behaviour 
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pages 226 and 227.) 



Behaviour 
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SILVER. (Continui 





Formula. 
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Other argentiferous minerals are: — Miarg^te (Ag, 
Sb2 Si), which behaves similarly to Stephanite.-— Polybasite 
[(Ag2 Cu) 10 (Sb+As)2 Sis], which in the glass-bulb fuses with 
extreme ease, but gives no sublimate. In the open tube it 
gives off fumes of antimony and arsenic, the latter form- 
ing a crystalline sublimate. On charcoal it behaves as 
Pyrargyrite, except that it gives off much arsenic and 
yields a bead of metallic silver containing a considerable 
quantity of copper, as may be ascertained by fusing under 
the oxidising name with microcosmic salt upon charcoal 
The mineral sometimes also forms a thin zinc incrustation 
on the charcoal just beyond the assay, and easily recognis- 
sible bjuAlLXI^llow color wYaVe ^^roi.— Btomide of silver 



BEFORE THE BLOWPIPB. 



231 



' pages 228 and 229.) 



Behaviour 



(4) 
n forceps. 
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in borax. 




with carb. soda. 
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If cut up into 
small pieces 
mixed witii 
oxide of cop- 
per and then 
heated before 
the oxidising 
flame upon 
charcoal, it 
colors the 
flame blue. 



(Ag Br), Iodide of silver (Ag I), and bromo-chloride of 
silver (2 Ag Br + 3 Ag CI), which in general reactions 
resemble horn silver, but may be distinguished by the 
different colors they impart to the blowpipe flame, when 
treated with oxide of copper upon charcoal, and by their 
behaviour when fused with bisulphate of potash in a 
glass-tube sealed at one end. 

In addition to the above, most lead minerals contain 
a small quantity of silver, especially tinder ore, for which 
see Lead (page 180) ; also Boumomte and WeissgUltigerz 
(see Copper) ; native amalgam, described under Mercury 
(page 219) ; and graphic tellurium and gold, fot Vic>\k^ ^\ 
which see that metal. ' 
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GOLD. 

Besides native gold, which is easily recognised by its 
color, malleability and other {Physical characters, the <hi1j 
important minerals containing gold in any considerabte 
quantity are graphic tellurium and foliated tellurium. GWd 
occurs, however, in small quantities in several metallic sul- 
phides, but in such minute proportion as only to be dis- 
coverable on fusing 5 or 6 thousand grains of the mineral 
with lead, and carefully cupelling and parting the result 
The detection of such minute quantities of gold does not 
therefore fall within the province of blowpipe assayings 
and the only minerals we have here to consider are such 
as contain sufficient of the metal as to be detectable by 
an ordinary blowpipe cupellation. 

In order to ascertain the presence of gold in any 
mineral in which it is present with other non-volatile 
metals, the mineral should be pulverised and fused with 
borax and lead (and the metallic bead resulting from the 
fusion cupelled in the manner described in the paragraph 
on silver). If the bead obtained by cupellation contain 
sufficient silver to give it the color and appearance of that 
metal, in order to separate the gold in a pure state, it 
should be beaten out on a clean metallic surface, and then 
placed in a porcelain capsule with a few drops of nitric 
acid, and warmed gently in order to aid the solution of 
the silver. When all action has ceased, the silver solution 
is to be poured off, and the gold prill washed with distilled 
water, and then carefully transferred to a piece of charcoal, 
on which it is heated by the blowpipe flame to a bright 
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red heat. This causes it to cohere, and it then assumes 
the well-known appearance of fine gold. If the gold bead 
after cupellation have a pale gold color, indicating the pre- 
sence of silver in small quantity only, a bead of silver 
from 2 to 4 times its own weight should be added, and 
the whole fused together, beaten out and then treated 
with nitric acid, in order to separate the gold. The former 
part of the above process, viz. the fusion, is only requisite 
in extracting gold &om metallic ores or from mineral 
masses in which it is disseminated, and is unnecessary in 
the examination of the following minerals; but as gold 
is generally combined with more or less silver and smaller 
quantities of copper, iron, etc., in order to obtain the pure 
gold, it is always desirable to cupel and part it. 

Native gold is best recognised by its physical charac- 
ters, as its weight, color, sectility, malleability, etc. It is 
fusible at a bright red heat, and, when fiised with micro- 
cosmic salt on charcoal imder a good oxidising flame, the 
latter becomes opalescent from the presence of silver. 
By cupellation to remove slight traces of iron and copper, 
and subsequent parting with the addition of sUver, nearly 
all the foreign metals may be separated and a prill of 
fine gold obtained. 

Graphic tellurium. — In the open glass-tube gives off 
tellurous acid, which forms a white sublimate, and, when 
reheated, runs together into small transparent drops. It 
is easily recognised by its peculiarly disagreeable smell. 
On charcoal graphic tellurium fiises to a' bead forming an 
incrustation of telluric acid on the charcoal (see page 25). 
When the tellurium is dissipated, a pale yellow metallic 
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bead remains, which, when parted, yidds a prill of fine 
gold. 

Foliated tellurium in the open tube gives off white 
fumes, which are partly deposited in the tube above the 
assay, and consist of tellurate and antimoniate of lead, and 
in the upper part of the tube of antimonious acid and 
tellurous acid. On charcoal it fuses and forms a yellow 
incrustation of oxide of lead around the assay and a 
white incrustation of antimonious and tellurous acid and 
Hulphate of lead. When these and the lead have been 
completely driven oS, a gold bead remains. 
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